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a b s t r a c t

This work introduces Extended Defeasible Logic Programming (E-DeLP), a structured argumentation system
enabling the expression of reasons for and against using defeasible rules. E-DeLP extends the formalism
of Defeasible Logic Programming (DeLP) by incorporating two new kinds of rules: backing and under-
cutting rules. In that way, E-DeLP accounts for Toulmin's notion of backing and Pollock's notion of
undercut, two important contributions within the field of argumentation. Thus, E-DeLP constitutes a
novel approach, being the first structured argumentation system in providing a unified setting for
modeling Toulmin's and Pollock's ideas simultaneously.

& 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Argumentation is a way of reaching conclusions where explicit
attention is given to the reasons for and against a particular belief.
In this kind of reasoning, a claim is accepted or rejected according
to the analysis of the arguments in favor and contrary to it. The
way in which arguments and justifications for a claim are con-
sidered allows for an automatic reasoning mechanism from a
knowledge base that could contain contradictory, incomplete, and
uncertain information.

In the last decades, the computational form of argumentation
has evolved as an attractive paradigm for conceptualizing com-
monsense reasoning (Prakken and Vreeswijk, 2002; Bench-Capon
and Dunne, 2007; Besnard and Hunter, 2008; Rahwan and Simari,
2009). Nowadays, there exist a variety of practical approaches to
model different aspects of argumentation such as abstract argu-
mentation frameworks (Dung, 1995) and structured argumenta-
tion systems (Reed et al., 2014), making this kind of reasoning
particularly attractive for decision making problems. Moreover,
since within the area of argumentation in Artificial Intelligence
there exists keen interest in effectively addressing that kind of
problems, concrete applications of argumentation systems have
appeared in domains like legal reasoning (Prakken and Sartor,
2002; Verheij, 2003), agent dialogues and negotiation (Amgoud
@cs.uns.edu.ar (A.J. García),
et al., 2000; Black and Hunter, 2009), and multi-agent systems
(Parsons et al., 1998; Amgoud et al., 2002).

A usual critique to the existing structured argumentation sys-
tems is that certain reasoning patterns studied in areas like legal
reasoning and philosophy, which constitute important contribu-
tions to the argumentation community, were simplified or not
considered in their formalization; such is the case of the con-
tributions by Toulmin (1958) and Pollock (1987). In his stimulating
work, Toulmin promoted the idea that arguments needed to be
analyzed using a richer formalism than the duality of premises and
conclusion used in formal logic. Thus, he proposed a model for the
layout of arguments that, in addition to data and claim, distin-
guishes other components, namely warrant, backing, rebuttal and
qualifier. In particular, the warrant conveys an inferential connec-
tion between the premises (data) and conclusion (claim) of the
argument, and the backing establishes the reasons why the war-
rant holds. Therefore, in addition to the data supporting the claim,
the backing provides support for the inference modeled by the
warrant of the argument. The foundational work of Pollock
introduced a classification of possible defeaters for an argument,
distinguishing between rebutting defeaters and undercutting
defeaters. Whereas the former dispute the conclusion of an
argument, the latter challenge the connection between premises
and conclusion of an argument (i.e., its associated warrant in
Toulmin's terminology).

The work by Toulmin suggests that the notion of support was
present since the foundational works in argumentation. However,
following the seminal work on abstract argumentation by Dung
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(1995), later studies on argumentation put aside the notion of
support to focus on the notion of attack. Notwithstanding this,
in the last decade, the study of the notion of support regained
attention amongst researchers in the area of abstract argumenta-
tion, considering alternative interpretations of support through
the formalization of a general support relation (Cayrol and
Lagasquie-Schiex, 2005), an evidential support relation (Oren and
Norman, 2008), a deductive support relation (Boella et al., 2010),
a necessary support relation (Nouioua and Risch, 2011) and a
backing relation (Cohen et al., 2012).

Regarding Toulmin's ideas, Verheij (2005) provided a recon-
struction of Toulmin's model in DefLog (Verheij, 2003), thus
becoming the first researcher to explicitly address the notion of
support in the context of structured argumentation. In addition to
Verheij's reconstruction of Toulmin's ideas, other structured
argumentation approaches like ASPICþ (Prakken, 2009) have
accounted for Pollock's ideas by allowing for the existence of
undercutting attacks. However, none of the existing structured
argumentation systems so far have considered Toulmin's and
Pollock's ideas simultaneously.

The contribution of this work is to incorporate Toulmin's notion
of backing and Pollock's notion of undercut into a structured
argumentation system. The formalism proposed in this paper, called
Extended Defeasible Logic Programming (E-DeLP), extends the system
of García and Simari (2004) by adding two new types of rules
enabling the expression of reasons for and against using defeasible
rules. Thus, in E-DeLP it will be possible to build backing and
undercutting arguments, hence capturing both Toulmin's and Pol-
lock's ideas. Our work builds upon Cohen et al. (2011), where an
initial version of the E-DeLP formalism was presented.
In particular, this work substantially develops the ideas presented in
Cohen et al. (2011), improving definitions, adding more examples
and intuitive explanations, among other changes. Moreover, here
we explicitly address the acceptability calculus of arguments in
order to determine the inferences of the system, and we identify a
series of properties satisfied by it. For that purpose, we will use the
abstract argumentation framework of Cohen et al. (2012), which
accounts for Toulmin's notion of backing and Pollock's notion of
undercut. Hence, we will show that E-DeLP provides the means for
instantiating the abstract framework of Cohen et al. (2012).

The rest of this paper is organized as follows. Section 2 presents the
representational language of E-DeLP and introduces the syntax of E-
DeLP programs. Given the specification of E-DeLP programs, in Section
3 we present a mechanism for building arguments, and we identify
three types of arguments: claim arguments, backing arguments, and
undercutting arguments. In Section 4 we determine the situations in
which arguments conflict with one another, distinguishing between
rebutting attacks, undercutting attacks, and undermining attacks.
Given the arguments built from an E-DeLP program and the attacks
between them, Section 5 provides a way for obtaining the defeats
between those arguments, which involves the characterization of a
Backing-Undercutting Argumentation Framework (BUAF) (Cohen et
al., 2012) associated with the E-DeLP program. Section 6 provides a
way of obtaining the acceptability status of arguments in E-DeLP, in
terms of their corresponding acceptability status in the associated
BUAF. Then, we present a series of properties satisfied by E-DeLP,
some of which relate to desired features of argumentation systems. To
put this proposal in the research context, Section 7 discusses related
work by others, as well as the previous version of E-DeLP proposed in
Cohen et al. (2011). Finally, Section 8 presents some conclusions and
future lines of work.

2. The representational language

In this section we will present the representational language of
Extended Defeasible Logic Programming (E-DeLP). This formalism
extends the representational language of DeLP, as proposed in
García and Simari (2004). Thus, using this extended language,
E-DeLP will allow for the representation of Pollock's notion of
undercut and Toulmin's notion of backing.

The representational language of E-DeLP is defined in terms of
five disjoint sets: a set of facts, a set of strict rules, a set of defeasible
rules, a set of backing rules, and a set of undercutting rules. These
facts and rules are obtained using ground literals, which corre-
spond to ground atoms or negated ground atoms using strong
negation. As defined in García and Simari (2004) (following the
ideas of Alferes et al., 1996), the symbol “�” represents the strong
negation, which differs from the default negation frequently used
in logic programming and the classical negation used in classical
logic. The aim of having strong negation in E-DeLP is to allow for
the defeasible derivation of potentially contradictory information.
As shown below, facts, strict rules, and defeasible rules in
E-DeLP are defined in the same way as in DeLP, following the usual
convention adopted in logic programming (Lifschitz, 1996).

Definition 1 (Ground literal). Let L be a set of ground atoms.
A ground literal L (or literal, for short) is an atom A or a negated
atom � A, where AAL.
Definition 2 (Fact). A fact is a ground literal L.

Definition 3 (Strict rule). A strict rule is an ordered pair, denoted
“Head’Body”, where the first element (Head) is a ground literal
and the second element (Body) is a finite and non-empty set of
ground literals.

A strict rule with head L0 and body fL1;…; Lng ðn40Þ will also
be written as L0’L1;…; Ln.

Definition 4 (Defeasible Rule). A defeasible rule is an ordered pair,
denoted “Head Body”, where the first element (Head) is a ground
literal and the second element (Body) is a finite set of ground
literals.

A defeasible rule with head L0 and body fL1;…; Lng ðnZ0Þ will
also be written as L0 L1;…; Ln.

Facts and strict rules express non-defeasible or indisputable
information, whereas defeasible rules express tentative informa-
tion that may be used if nothing could be posed against it.
In addition, a defeasible rule with an empty body is noted as
“Head ” and is called a presumption (Nute, 1988). Hence, a pre-
sumption “P ” will express that “there are defeasible reasons to
believe in P”. The new elements incorporated into the repre-
sentational language of E-DeLP are the backing rules and the
undercutting rules which, respectively, are used to express reasons
for and against defeasible rules. As a result, the addition of these
rules enables one to argue about the application of defeasible rules
by supporting or attacking them.

Definition 5 (Backing Rule). A backing rule is an ordered pair,
denoted “½Head� ½Body�”, where the first element (Head) is a
defeasible rule of the form L0 L1;…; Ln ðnZ0Þ and the second
element (Body) is a finite and non-empty set of ground literals
fB1;…;Bmg ðm40Þ. A backing rule will also be written as
½L0 L1;…; Ln� ½B1;…;Bm�.

Definition 6 (Undercutting Rule). An undercutting rule is an
ordered pair, denoted “½Head� ½Body�”, where the first element
ðHeadÞ is a defeasible rule of the form L0 L1;…; Ln ðnZ0Þ and the
second element ðBodyÞ is a finite and non-empty set of ground
literals fU1;…;Umg ðm40Þ. An undercutting rule will also be
written as ½L0 L1;…; Ln� ½U1;…;Um�.

Syntactically, the only difference between backing and under-
cutting rules is the use of the symbols ‘� ’ and ‘� ’. However, the
semantics associated with these two kinds of rules is completely
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opposite. A backing rule “½Head� ½Body�” expresses that “reasons
to believe in Body provide reasons in favor of using the defeasible rule
Head”; the intuition here is that a backing rule establishes condi-
tions under which the use of the defeasible rule it supports makes
sense. An undercutting rule “½Head� ½Body�” expresses that
“reasons to believe in Body provide reasons against using the defea-
sible rule Head”; in this case, the intended meaning is that an
undercutting rule establishes conditions under which the defea-
sible rule it is related to should not be used. Both notions are
illustrated by the following example.

Example 1. Let us consider an example proposed by Toulmin, illu-
strated in Fig. 1, which discusses the nationality of a man called
Harry. It is possible to represent the different elements in Toulmin's
example by using the representational language of E-DeLP. Given the
set of atoms L1 ¼ fharry_british;harry_born_in_bermuda; british_
parliament_acts; harry_alien_parentsg, the data that Harry was born
in Bermuda can be represented by the literal “harry_
born_in_bermuda”, and the claim that Harry is a British subject can
be represented by the literal “harry_british”. Recall that the warrant
constitutes an inference rule that provides a connection between
data and claim. Thus, the warrant that a man born in Bermuda will
generally be a British subject can be represented by the defeasible
rule “harry_british harry_born_in_bermuda”, since reasons to
believe that Harry was born in Bermuda provide reasons to believe
that he is British. In particular, the qualifier ‘presumably’ is not
explicitly stated, but it is assumed to be implicit in the defeasibility of
the rule modeling the warrant. Also, the backing that establishes the
existence of statutes and other legal provisions can be represented by
the literal “british_parliament_acts”. Thus, the support the backing
provides for the warrant can be represented by the backing rule:

½harry_british harry_born_in_bermuda� ½british_parliament_acts�
Finally, the fact that Harry's parents are alien can be represented by
the literal “harry_alien_parents”. This information provides a condi-
tion of exception for the warrant and therefore, it constitutes a rea-
son against using the corresponding defeasible rule. Thus, we can
represent this through the undercutting rule:

½harry_british harry_born_in_bermuda� ½harry_alien_parents�

Definitions 5 and 6 impose a restriction on the rules that can
appear in the head of backing and undercutting rules. In particular,
the head of these rules can only be a defeasible rule and, therefore,
it is not possible to attack or support strict rules. This restriction is
necessary since, given that strict rules model indisputable infor-
mation, they provide an unconditional connection between their
antecedent (Body) and consequent (Head). The case regarding
presumptions is different; since they are a particular case of
defeasible rules, they can appear in the head of backing and
undercutting rules.

Having defined all the elements that characterize the repre-
sentational language of E-DeLP, we can now define the extended
defeasible logic programs as follows.
Fig. 1. Toulmin's “Harry is a British subject” famous example Toulmin (1958).
Definition 7 (Extended defeasible logic program). An extended
defeasible logic program is a set P of facts, strict rules, defeasible
rules, backing rules and undercutting rules. When convenient, an
extended defeasible logic program P will be noted as P ¼ ðΠ;Δ;ΣÞ,
distinguishing the set Π of facts and strict rules, the set Δ of
defeasible rules, and the set Σ of backing and undercutting rules.

It is important to notice that the existence of backing and
undercutting rules for a defeasible rule in an E-DeLP program is
not mandatory. In general, a defeasible rule without backing rules
can be regarded as being always applicable, since there are not
explicit requirements for its use. To illustrate this, let us consider
the nature of Toulmin's warrants. According to Toulmin (1958)
there may be warrants of different kinds, which provide different
degrees of force on the connection between the data and claim of
an argument. On the one hand, there may be warrants that
authorize the acceptance of a claim unconditionally, in which case
the connection expressed by the warrant is indisputable; given the
characteristics of this kind of warrants, they are represented in
E-DeLP using strict rules. On the other hand, there exist warrants
that allow one to draw a conclusion tentatively, which are mod-
eled in E-DeLP through defeasible rules. A warrant of the latter
kind is illustrated in Toulmin's example about Harry (see Example
1), since it allows one to obtain the conclusion presumably.
As mentioned in Toulmin (1958), for those warrants that could be
challenged, backings may not always be explicitly specified. Thus,
in such cases, there will be defeasible rules (corresponding to the
warrants) without backing rules. Finally, the existence of under-
cutting rules for a defeasible rule R depends on the existence of
conditions of exception for the warrant expressed by R.

The following example illustrates the extended defeasible logic
program corresponding to the situation portrayed in Example 1.

Example 2. Let us consider the scenario introduced in Example 1.
The extended defeasible logic program P2 ¼ ðΠ2;Δ2;Σ2Þ
formalizes that scenario in E-DeLP, where

Π2 ¼ fharry_born_in_bermuda; british_parliament_acts; harry_alien_parentsg

Δ2 ¼ fharry_british harry_born_in_bermudag

Σ2 ¼
½harry_british harry_born_in_bermuda� ½british_parliament_acts�
½harry_british harry_born_in_bermuda� ½harry_alien_parents�

( )

The data “harry_born_in_bermuda”, the backing “british_
parliament_acts” and the rebuttal “harry_alien_parents” are repre-
sented as facts. The warrant is represented by the defeasible rule
from Example 1. Finally, the backing and the rebuttal respectively
provide reasons for and against the warrant, expressed through
the backing and undercutting rules from Example 1.

Program rules in E-DeLP are ground, that is, they contain
ground literals. However, in E-DeLP we will allow for the use of
schematic rules with variables, which will be denoted using initial
uppercase letters. Following the usual convention (Lifschitz, 1996),
schematic rules will be instantiated by defining the set of all their
ground instances. Thus, given a schematic rule R, Ground(R) will be
the set of all ground instances of R. Similarly, given an
E-DeLP program P, GroundðPÞ will be the union of all sets Ground
(R), where R is a rule in P. Therefore, when using the knowledge
expressed by an E-DeLP program P, we will be implicitly con-
sidering the set GroundðPÞ.

The use of schematic rules in E-DeLP allows for a better and
more concise representation of different scenarios that could be
modeled without them. To illustrate this, let us consider
the characterization of warrants given by Toulmin, stating that
they are
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“general, hypothetical statements, which can act as bridges, and
authorize the sort of step to which our particular argument
commits us” Toulmin (1958, p. 98)

Therefore, for instance, given Toulmin's example about Harry,
the warrant expressing that “a man born in Bermuda will generally
be a British subject” should be applicable not only for Harry, but for
any man born in Bermuda. Hence, the general nature of Toulmin's
warrants can be captured in E-DeLP by using schematic rules.
To illustrate this, let us consider the following example.

Example 3. Let P3 ¼ ðΠ3;Δ3;Σ3Þ be the following extended
defeasible logic program, which models the situation depicted in
Example 1 using schematic rules.

Π3 ¼ fborn_in_bermudaðharryÞ; british_parliament_acts; alien_parentsðharryÞg

Δ3 ¼ fbritishðXÞ born_in_bermudaðXÞg

Σ3 ¼
½britishðXÞ born_in_bermudaðXÞ� ½british_parliament_acts�
½britishðXÞ born_in_bermudaðXÞ� ½alien_parentsðXÞ�

( )

In this case, the schematic defeasible rule captures the general
nature of the warrant in Toulmin's example, being an inference
rule that applies for all men born in Bermuda. Similarly, the
schematic backing and undercutting rules provide reasons for or
against the use of the corresponding defeasible rules.

Next, we introduce another E-DeLP program, modeling a sce-
nario that will be used as a running example throughout the rest
of the paper.

Example 4. Let P4 ¼ ðΠ4;Δ4;Σ4Þ be the following E-DeLP program:

Π4 ¼ fnight; electricity; lamp_in_roomðl; rÞ; switch_onðlÞ;
broken_lampðlÞg

Δ4 ¼

light_onðXÞ switch_onðXÞ
illuminated_roomðXÞ day

� illuminated_roomðXÞ night

illuminated_roomðXÞ night; lamp_in_roomðY ;XÞ; light_onðYÞ

8>>>><
>>>>:

9>>>>=
>>>>;

Σ4 ¼

½light_onðXÞ switch_onðXÞ� ½electricity�
½light_onðXÞ switch_onðXÞ� ½ � electricity�
½light_onðXÞ switch_onðXÞ� ½ � electricity; emergency_lampðXÞ�
½light_onðXÞ switch_onðXÞ� ½electricity; broken_lampðXÞ�

8>>>><
>>>>:

9>>>>=
>>>>;

Program P4 contains information with the aim of determining
whether a room is illuminated or not. In particular, the first defeasible
rule expresses that if the switch of a lamp is on, then there are rea-
sons to believe that the light of the lamp is on. The remaining
defeasible rules express alternative reasons to believe that a roomwill
be illuminated (respectively, not illuminated). Given this scenario, the
backing rules for the defeasible rule “light_onðXÞ switch_onðXÞ”
provide alternative conditions under which it is applicable. Analo-
gously, the undercutting rules for the defeasible rule
“light_onðXÞ switch_onðXÞ” express alternative conditions against
its use.
1 The complement of a literal L¼A with respect to the strong negation “�” is
L ¼ � A. Similarly, the complement of a literal L¼ � A with respect to “�” is L ¼ A.
3. Definition of arguments

In this section we will introduce the elements required for
defining a notion of argument in E-DeLP. In particular, given an
extended defeasible logic program, it will be possible to obtain
different types of arguments: claim arguments, backing arguments,
and undercutting arguments. To achieve this, first we need to
characterize a notion of derivation that allows for the construction
of the aforementioned kinds of arguments.
Definition 8 (Defeasible derivation). Let P ¼ ðΠ;Δ;ΣÞ be an
extended defeasible logic program and L a ground literal.
A defeasible derivation of L from P is a finite sequence of ground
literals L1; L2;…; Ln ¼ L such that every literal Li ð1r irnÞ is in the
sequence because

(a) Li is a fact in Π;
(b) there exists a strict rule in Π with head Li and body B1;…;Bk,

where every literal Bj ð1r jrkÞ is an element of the sequence
such that jo i; or

(c) there exists a defeasible rule R in Δ with head Li and body
B1;…;Bk, where every literal Bj ð0r jrkÞ is an element of the
sequence such that jo i, and one of the following conditions
holds:
i. there is no backing rule in Σ with head R, or
ii. there is a backing rule in Σ with head R and body S1;…; Sm,

where every literal Sp ð1rprmÞ is an element of the
sequence such that po i.

As the preceding definition shows, the notion of derivation in
E-DeLP only considers strict rules, defeasible rules, and backing
rules. In particular, the reason why backing rules are accounted for
in the derivation process relies on their nature. As mentioned
before, according to Toulmin's model, backings establish the
reasons why their associated warrants hold. Thus, in E-DeLP, a
backing rule for a defeasible rule R determines conditions under
which the warrant modeled by R is applicable. Moreover, if such
conditions exist, they must be taken into account when using the
defeasible rule R in the derivation process. As a result, condition (c)
in Definition 8 states that if there are explicit requirements for
using a defeasible rule R in a derivation, they must be satisfied.

Given an E-DeLP program, it can be the case that there exists
more than one backing rule for a defeasible rule R. However, each
backing rule for R expresses alternative conditions under which the
warrant modeled by R is applicable. Thus, as stated by condition (c)ii
in Definition 8, it suffices to have a derivation for the literals in the
body of one backing rule for R. That is, it suffices to derive the literals
establishing one of the alternative conditions under which the
warrant modeled by R holds. Furthermore, since the existence of
backing rules is not mandatory, it can be the case that a defeasible
rule R has no backing rules. In such a case, captured by condition (c)i
in Definition 8, it means that there are no explicit requirements for
using the defeasible rule R and thus, it suffices to derive the literals
in R's body. To illustrate this, let us consider the following example.

Example 5. Given the extended defeasible logic program P4 from
Example 4, it is possible to obtain this derivation for the literal
“illuminated_room(r)" : night, lamp_in_room(l,r), electricity,
switch_on(l), light_on(l), illuminated_room(r). This derivation
includes the literal “electricity” corresponding to the body of the
first backing rule in P4. In particular, from P4 it is also possible to
obtain a derivation for the literal “� illuminated_roomðrÞ”, corre-
sponding to the sequence: night; � illuminated_roomðrÞ.

According to Definition 8, extended defeasible derivations are
obtained using facts, strict rules, defeasible rules and/or backing
rules from an E-DeLP program. In particular, there may exist
derivations that use only facts and/or strict rules. In those cases,
we will say that they are strict derivations. For instance, given the
program P4 from Example 4, every literal in the set Π4 has a strict
derivation composed of the literal itself.

As it can be observed in Example 5, from an E-DeLP program it
is possible to obtain derivations for complementary literals1 (with
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respect to “�”) which, clearly, are conflicting. Then, the conflict
between complementary literals can be generalized when con-
sidering the set of facts and strict rules of an E-DeLP program. The
following definition characterizes the notion of a contradictory set,
identifying conflicts between literals.

Definition 9 (Contradictory set). Given an extended defeasible
logic program P, we will say that CDP is a contradictory set iff it is
possible to obtain derivations for a literal L and its complement L
from C.

For instance, if we consider the E-DeLP programP4 from Example 4, the
setΠ4 is not contradictory. On the other hand, the setΠ4 [ Δ4 [ Σ4 is
contradictory since, as shown in Example 5, it allows one to obtain
derivations for the complementary literals “illuminated_roomðrÞ” and
“� illuminated_roomðrÞ”.

As mentioned at the beginning of this section, the notion of
derivation provides a mechanism for the construction of arguments
in E-DeLP. Definition 8 shows that, when obtaining a derivation for a
literal, different kinds of rules may be used: strict rules, defeasible
rules and backing rules. In contrast, undercutting rules are not used
for obtaining defeasible derivations. Notwithstanding this, as will be
shown next, undercutting rules will be used to build arguments
against using defeasible rules. Then, given an E-DeLP program P, it
will be possible to build three different kinds of arguments. On the
one hand, claim arguments for literals may be obtained. On the other
hand, it will also be possible to build backing arguments and
undercutting arguments which, respectively, express reasons for and
against the use of defeasible rules.

Definition 10 (Claim argument). Let P ¼ ðΠ;Δ;ΣÞ be an extended
defeasible logic program and L a literal. A claim argument for L is a
pair 〈A; L〉, such that it satisfies the following conditions:

1. ADðΔ [ ΣÞ,
2. there exists a derivation of L from Π [ A,
3. Π [ A is a non-contradictory set, and
4. A is ��minimal: ∄B�A s.t. B satisfies conditions (2) and (3).

Intuitively, a claim argument A for a literal L is a minimal and non-
contradictory set of defeasible rules and backing rules allowing
one to obtain a derivation for L. Note that, although the first
condition in Definition 10 would allow for the inclusion of under-
cutting rules in A, these are excluded by condition (4) that
establishes the minimality of the argument. This is because, as
mentioned before, undercutting rules are not used in the deriva-
tion process. To illustrate the notion of claim argument, let us
consider the following example.

Example 6. Given the extended defeasible logic program P4 from
Example 4, it is possible to build the following claim arguments:

� 〈A1; illuminated_roomðrÞ〉, with

A1 ¼
illuminated_roomðrÞ night; lamp_in_roomðl; rÞ; light_onðlÞ
light_onðlÞ switch_onðlÞ
½light_onðlÞ switch_onðlÞ� ½electricity�

8><
>:

9>=
>;

� 〈A2; � illuminated_roomðrÞ〉;with
A2 ¼ f� illuminated_roomðrÞ nightg

� 〈A3; light_onðlÞ〉, with

A3 ¼
light_onðlÞ switch_onðlÞ
½light_onðlÞ switch_onðlÞ� ½electricity�

( )

Also, for each literal in the set Π4 we can build a claim argument
with an empty set of rules: 〈∅;night〉; 〈∅; electricity〉; 〈∅; lamp_in_
roomðl; rÞ〉; 〈∅; switch_onðlÞ〉 and 〈∅; broken_lampðlÞ〉.

The following definition characterizes the notion of top defea-
sible rule which, as will be shown in Section 5.2, will be used when
specifying the BUAF associated to an E-DeLP program. Briefly, the
top defeasible rule of an argument is the defeasible rule enabling
to derive its conclusion.

Definition 11 (Top defeasible rule). Let P ¼ ðΠ;Δ;ΣÞ be an exten-
ded defeasible logic program, 〈A;H〉 a claim argument built from
P, and R:“H Body” a defeasible rule in Δ. If RAA, then we will say
that R is a top defeasible rule of 〈A;H〉.

As established by the preceding definition, the notion of top
defeasible rule allows one to identify those arguments whose
conclusion is the head of a defeasible rule. Hence, arguments
whose conclusion is a fact in an E-DeLP program or is the head of a
strict rule will not have a top defeasible rule. Moreover, as shown
by the following proposition, each claim argument built from an
E-DeLP program cannot have more than one top defeasible rule.

Proposition 1. Let P ¼ ðΠ;Δ;ΣÞ be an extended defeasible logic
program and 〈A;H〉 a claim argument built from P. If R is a top
defeasible rule of 〈A;H〉, then ∄R0AΔ such that R0aR and R0 is a top
defeasible rule of 〈A;H〉.

Proof. See Appendix.

Backing and undercutting arguments constitute positions in
favor or against the use of defeasible rules. Therefore, differently
from claim arguments, they will refer to the defeasible rule for
which they respectively provide reasons for or against. In addition,
to identify their nature, these two kinds of arguments will include
the label ‘b’ (backing) or ‘u’ (undercutting).

Definition 12 (Backing argument). Let P ¼ ðΠ;Δ;ΣÞ be an exten-
ded defeasible logic program and RAΔ a defeasible rule. A backing
argument for R is a pair 〈A;R〉b such that A¼ f½R� ½L1;…; Ln�g [
A0 and it satisfies the following conditions:

1. AD ðΔ [ ΣÞ,
2. for every Li ð1r irnÞ there exists a derivation from Π [ A0,
3. Π [ A0 is a non-contradictory set, and
4. A is ��minimal: ∄B�A0 s.t. B satisfies conditions (2) and (3).

Definition 13 (Undercutting argument). Let P ¼ ðΠ;Δ;ΣÞ be an
extended defeasible logic program and RAΔ a defeasible
rule. An undercutting argument for R is a pair 〈A;R〉u such that
A¼ f½R� ½L1;…; Ln�g [ A0 and it satisfies the following
conditions:

1. AD ðΔ [ ΣÞ,
2. for every Li ð1r irnÞ there exists a derivation from Π [ A0,
3. Π [ A0 is a non-contradictory set, and
4. A is ��minimal: ∄B�A0 s.t. B satisfies conditions (2) and (3).

Note that Definitions 12 and 13 are analogous. This is because the
difference between these two forms of arguments relies on their
nature of supporting or attacking a defeasible rule R, which is
determined by the corresponding backing or undercutting rule of
the argument. In particular, the first condition in Definitions 12
and 13 states that the backing rule or the undercutting rule that
originates the argument, as well as any other defeasible or backing
rule used for building it, must be a part of the program specifica-
tion. Then, the second condition establishes that for building the
argument it is necessary to obtain a derivation for every literal in
the body of the corresponding backing or undercutting rule.
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Finally, as stated by the third and fourth conditions, and similar to
claim arguments, backing and undercutting arguments must be
non-contradictory and minimal. To illustrate these notions, let us
consider the following example.

Example 7. Given the extended defeasible logic program P4 from
Example 4, it is possible to build the following backing and
undercutting arguments:

� A4; light_onðlÞ switch_onðlÞ� �
b, with

A4 ¼ ½light_onðlÞ switch_onðlÞ� ½electricity�� �

� A5; light_onðlÞ switch_onðlÞ� �
u, with

A5 ¼ ½light_onðlÞ switch_onðlÞ� ½electricity; broken_lampðlÞ�� �

It is worth noticing that the three kinds of arguments character-
ized by Definitions 10, 12 and 13 are mutually exclusive. However,
when convenient, we will abstract from the nature of an argu-
ment, referring to it simply as an argument. Taking this into
account, we can define a notion of sub-argument that applies for all
three kinds of arguments in E-DeLP.

Definition 14 (Sub-argument). Let P be an extended defeasible
logic program and let 〈A;H〉 and 〈B;Q 〉 be two arguments built
from P. We say that 〈B;Q 〉 is a sub-argument of 〈A;H〉 (respectively,
〈A;H〉 is a super-argument of 〈B;Q 〉) iff BDA. In particular, if B is a
proper subset of A (i.e., B�A), we say that 〈B;Q 〉 is a proper sub-
argument of 〈A;H〉.

The preceding definition establishes that every argument is a sub-
argument of itself. However, the notion of proper sub-argument
relates different arguments and, as will be shown in Section 4, will
be useful to identify the conflicts between the arguments built
from an E-DeLP program.

To illustrate the notion of sub-argument, let us consider
Examples 6 and 7. All arguments from Example 6 that have an
empty set of rules (i.e., arguments whose conclusions are facts in
P4) are sub-arguments of every argument built from P4. Also,
〈A3; light_onðlÞ〉 is a sub-argument of 〈A1; illuminated_roomðrÞ〉.
Moreover, the backing argument A4; light_onðlÞ switch_onðlÞ� �

b is
a sub-argument of 〈A3; light_onðlÞ〉 and 〈A1; illuminated_roomðrÞ〉
since they both make use of the defeasible rule “light_
onðlÞ switch_onðlÞ”. The latter is formalized by the following
proposition, which shows the relation between the notion of sub-
argument and the existence of backing arguments in E-DeLP.

Proposition 2. Let P be an extended defeasible logic program and
〈A;H〉 an argument built from P. If (BRAA such that BR is a backing
rule for a defeasible rule RAA, then there exists a backing argument
〈B;R〉b such that BRAB and 〈B;R〉b is a sub-argument of 〈A;H〉.

Proof. See Appendix.

Given the characteristics of claim arguments, backing argu-
ments, and undercutting arguments, by Definitions 10, 12 and 13
we know that they could contain at most one undercutting rule;
more specifically, since the notion of defeasible derivation does
not make use of undercutting rules, claim arguments and backing
arguments will not contain any of those. On the other hand, an
undercutting argument 〈A;R〉u contains exactly one: the under-
cutting rule expressing reasons against the defeasible rule R. Then,
it is possible to establish the following property on the sub-
argument relation of E-DeLP.
Proposition 3. Let P be an extended defeasible logic program and
〈A;H〉 an argument built from P. Every proper sub-argument of
〈A;H〉 is either a claim argument or a backing argument.

Proof. See Appendix.
4. Attacks between arguments

In this section we will present the different forms of conflict
between arguments that can occur in E-DeLP, which lead to dif-
ferent forms of attack. As stated before, the use of strong negation
“�” allows for the representation of complementary literals in
E-DeLP. Moreover, given an E-DeLP program, it is possible to
obtain derivations for complementary literals and build claim
arguments for them; clearly, such arguments will be in conflict
with each other since their conclusions are contradictory. Addi-
tionally, conflicts between arguments can appear when consider-
ing their conclusions together with the strict knowledge of an
E-DeLP program and the resulting set is contradictory. Also, given
the existence of undercutting arguments, we will identify a con-
flict between an undercutting argument for a defeasible rule R and
any other argument that contains the defeasible rule R. Following
these intuitions, and in accordance with other works on structured
argumentation such as Prakken (2009), we will characterize the
different forms of attack between arguments in E-DeLP, distin-
guishing between rebutting attack, undercutting attack and under-
mining attack. Specifically, rebutting attacks are directed at an
intermediate or final conclusion of an argument; undercutting
attacks dispute a defeasible rule of an argument; and undermining
attacks are aimed at challenging a premise of an argument.

The following definition introduces the notion of disagreement
between literals, which generalizes the conflict that arises from
the consideration of complementary literals.

Definition 15 (Disagreement). Let P ¼ ðΠ;Δ;ΣÞ be an extended
defeasible logic program. We say that two literals L1 and L2 dis-
agree iff the set Π [ fL1; L2g is contradictory.

The preceding definition establishes that there will be a conflict
between every pair of literals such that when considered together
with the set of strict knowledge of an E-DeLP program a contra-
dictory set is obtained. Then, using this notion of disagreement, we
can introduce rebutting attack between arguments in E-DeLP as
follows.

Definition 16 (Rebutting attack). Let P be an extended defeasible
logic program and let 〈A1;H1〉 and 〈A2;H2〉 be two arguments built
from P such that 〈A1;H1〉 is a claim argument. We say that there
exists a rebutting attack from 〈A1;H1〉 to 〈A2;H2〉 if there exists a
claim sub-argument 〈A;H〉 of 〈A2;H2〉 such that the literals H1 and
H disagree.

Given a rebutting attack from 〈A1;H1〉 to 〈A2;H2〉 we will also
say that 〈A1;H1〉 rebuts 〈A2;H2〉. If there is no proper sub-argument
〈B;Q 〉 of 〈A;H〉 such that the literals H1 and Q disagree, we will say
that 〈A;H〉 is a disagreement sub-argument in this attack.

In particular, as will be shown in Section 5.2, the notion of
disagreement sub-argument in an attack will be useful when
characterizing the BUAF associated with an E-DeLP program. The
following example illustrates the existence of rebutting attacks in
E-DeLP, distinguishing the disagreement sub-argument in each
case.

Example 8. Let us consider the extended defeasible logic program P4

from Example 4 and the claim arguments introduced in Example 6; in
this case, the literals “illuminated_roomðrÞ” and
“� illuminated_roomðrÞ” disagree. Therefore, 〈A1; illuminated_roomðrÞ〉
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rebuts 〈A2; � illuminated_roomðrÞ〉 and vice-versa. In both cases, the
disagreement sub-argument is, in particular, the argument being
attacked.

As mentioned before, undercutting rules in an E-DeLP program
are used for building undercutting arguments that constitute a posi-
tion against the use of defeasible rules. Then, it is possible to identify a
conflict between an undercutting argument for a defeasible rule R
and those arguments that make use of R. In this way, the undercutting
argument for R will originate an undercutting attack on those argu-
ments that contain the defeasible rule R.

Definition 17 (Undercutting attack). Let P be an extended defea-
sible logic program and let 〈A;R〉 and 〈B;H〉 be two arguments built
from P such that 〈A;R〉 is an undercutting argument for the
defeasible rule R. We say that there exists an undercutting attack
from 〈A;R〉 to 〈B;H〉 if RAB.

Given an undercutting attack from 〈A;R〉 to 〈B;H〉, we will also
say that 〈A;R〉 undercuts 〈B;H〉. If 〈C;Q 〉 is a sub-argument of 〈B;H〉
with top defeasible rule R, then we will say that 〈C;Q 〉 is the dis-
agreement sub-argument in this attack.

Definition 17 accounts for the conflict between the attacking
argument 〈A;R〉 and all sub-arguments of the attacked argument
〈B;H〉 that contain the defeasible rule R. As a result, 〈A;R〉 will
undercut every sub-argument of 〈B;H〉 that includes R. In addition,
similar to rebutting attacks, the identification of the disagreement
sub-argument in this kind of attack will be useful when character-
izing the BUAF associated with an E-DeLP program in Section 5.2.

On the other hand, it can be noted that Definition 17 does not
account for the existence of backing rules or backing arguments
for the defeasible rule R. Therefore, undercutting attacks may exist
even though the E-DeLP program has no backing rules for R.
Notwithstanding this, as will be shown in Section 5, the existence
of backing arguments will be taken into consideration in the
resolution of this kind of attacks. To illustrate the notion of
undercutting attack, let us consider the following example.

Example 9. Let P4 be the extended defeasible logic program from
Example 4. Let us consider the arguments built from P4, illustrated in
Examples 6 and 7. Here, A5; light_onðlÞ switch_onðlÞ� �

u undercuts
〈A1; illuminated_roomðrÞ〉. In addition, A5; light_onðlÞ switch_onðlÞ� �

u
undercuts the sub-argument 〈A3; light_onðlÞ〉 of 〈A1; illuminated_
roomðrÞ〉. In particular, in both attacks, the disagreement sub-
argument is 〈A3; light_onðlÞ〉.

Recall that arguments are built on the basis of premises.
In E-DeLP, these premises are the facts and presumptions of an
extended defeasible logic program. However, by condition (3)
in Definitions 10, 12 and 13, arguments must be consistent with
the strict knowledge of an E-DeLP program. Therefore, the only
attackable premises of arguments in E-DeLP will be the
Fig. 2. Visual representation of arguments an
presumptions. Hence, when attacking a presumption of an argu-
ment, we will say that an undermining attack occurs.

Definition 18 (Undermining attack). Let P ¼ ðΠ;Δ;ΣÞ be an
extended defeasible logic program and let 〈A1;H1〉 and 〈A2;H2〉 be
two arguments built from P such that 〈A1;H1〉 is a claim argument.
We say that there exists an undermining attack from 〈A1;H1〉 to
〈A2;H2〉 if there exists a claim sub-argument 〈A;H〉 of 〈A2;H2〉 such
that the literals H1 and H disagree, and H is a presumption in P,
i.e., H AΔ. Given an undermining attack from 〈A1;H1〉 to
〈A2;H2〉, we will also say that 〈A1;H1〉 undermines 〈A2;H2〉. If there
is no proper sub-argument 〈B;Q 〉 of 〈A;H〉 such that the literals H1

and Q disagree, we will say that 〈A;H〉 is a disagreement
sub-argument in this attack.

From Definitions 16 and 18, it could be noticed that under-
mining attacks are considered as particular cases of rebutting
attacks in E-DeLP. Recall that rebutting attacks in E-DeLP account
for the disagreement between the conclusion of the attacking
argument and the conclusion of a sub-argument from the attacked
one. Thus, it can be the case that the conclusion of the disagree-
ment sub-argument is a presumption, leading to an undermining
attack. However, it should be noted that, although the character-
ization of these attacks in E-DeLP is similar, they still correspond
to different forms of attack, as proposed in the literature.

Next, we will introduce a visual representation for arguments
and attacks in E-DeLP. In this representation, arguments will be
depicted using triangles, and triangles inside of bigger triangles
will denote proper sub-arguments. In the case of claim arguments,
the information located in the vertex of the triangle will denote
the conclusion of the argument; for backing and undercutting
arguments, the information located in the vertex of the triangle
will denote the defeasible rule that is being supported or attacked.
Also, for any argument, the information located within the triangle
will correspond to the literals used for building the argument.
The symbol ‘ ’ will denote the connection between the literals
used for building the argument through the use of defeasible rules.
Similarly, the symbols ‘ ’ and ‘ ’ will denote the backing and
undercutting rules used for building their corresponding argu-
ments. In particular, claim arguments whose conclusion is
obtained through strict derivations will be denoted by simply
specifying their conclusion. Finally, attacks between arguments
will be denoted using dashed arrows. To illustrate this visual
representation, let us consider the following example.

Example 10. Let P4 be the extended defeasible logic program
from Example 4. Fig. 2 illustrates the arguments built from P4,
corresponding to Examples 6 and 7. Also, the dashed arrows in
Fig. 2 correspond to the attacks identified in Examples 8 and 9. On
the one hand, as shown in Example 8, argument 〈A2; � illuminated
_roomðrÞ〉 rebuts argument 〈A1; illuminated_roomðrÞ〉 and vice-
d attacks, corresponding to Example 10.
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versa. On the other hand, as shown in Example 9, argument
A5; light_onðlÞ switch_onðlÞ� �

u undercuts both 〈A3; light_onðlÞ〉 and
its super-argument 〈A1; illuminated_roomðrÞ〉.
5. Resolving attacks: defeats between arguments

The notion of attack introduced in Section 4 captures the dif-
ferent forms of conflict between arguments in E-DeLP. In the case
of rebutting and undermining attacks, these conflicts arise from
the use of strong negation “�”, while for undercutting attacks, the
conflicts originate in the existence of undercutting rules that
provide reasons against the use of defeasible rules; however, the
conflicts captured by the notion of attack will not always succeed.
Therefore, we need to resolve these attacks to obtain the relation
of defeat between arguments.

To determine the success or failure of attacks we need to per-
form some kind of evaluation over the conflicting arguments.
Several approaches achieve this by considering a comparison cri-
terion or a preference relation between arguments, used to decide
which one of the conflicting arguments prevails; for instance, see
Amgoud and Cayrol (2002), García and Simari (2004), Prakken
(2009), and Amgoud and Vesic (2011). Similar to García and Simari
(2004), in E-DeLP we will use a modular comparison criterion
between arguments. In that way, the user of the system will be
able to select the criterion that fits better according to the domain
being represented.

Given the set of arguments built from an E-DeLP program P,
the sub-argument relation, the attacks between these arguments,
and the adopted comparison criterion, we will specify a Backing-
Undercutting Argumentation Framework (BUAF) Cohen et al. (2012)
associated with P. Then, given the associated BUAF, we will
determine the defeats between arguments of P, which will be
used to perform the acceptability calculus on the arguments of P.
In particular, as will be shown in Section 6, this will allow for the
application of different acceptability semantics among those
proposed in the literature (for instance, see Dung, 1995; Baroni
et al., 2011a).

In the following we will introduce the necessary background
notions related to the BUAF proposed in Cohen et al. (2012). Then,
we will show how to translate an E-DeLP program P into its
associated BUAF. Finally, we will identify the defeats between
arguments of P, which will correspond to defeats in the associated
BUAF.

5.1. Backing-Undercutting Argumentation Framework (BUAF)

In Cohen et al., 2012, the authors present the Backing-
Undercutting Argumentation Framework (BUAF), a formalism that
extends the representational capabilities of Dung's abstract argu-
mentation framework (Dung, 1995) by adding a specialized sup-
port relation, a categorization of attacks, and a preference relation
between arguments.

The support relation of the BUAF allows for the representation
of different kinds of support between arguments. On the one hand,
it is possible to represent the support that backings provide for
their corresponding warrants, according to Toulmin's model for
the layout of arguments (Toulmin, 1958). In addition, the
BUAF accounts for existence of sub-arguments, thus providing a
way for expressing the support links between sub-arguments and
their super-arguments. Analogously, the attack relation of the
BUAF allows for the consideration of different kinds of attack
between arguments, distinguishing between rebutting attacks,
undercutting attacks and undermining attacks. Finally, the
BUAF makes use of a preference relation, for which no restrictions
are imposed, that is used to resolve the conflicts between
arguments. Thus, when two arguments A and B are related by
the preference relation, i.e., ðA;BÞA⪯, it means that argument
B is at least as preferred as argument A, and it is noted as
A⪯B. Then, following the usual notation, A!B means A⪯B
and B⪯A. The formal characterization of the BUAF is given in the
following definition.

Definition 19 (Backing-Undercutting Argumentation Framework).
A Backing-Undercutting Argumentation Framework (BUAF) is a
tuple 〈A;R;S;⪯〉, where

� A is a set of arguments;
� R¼ ðRb;Uc;UmÞ represents an attack relation such that RbDA

	A denotes rebutting attacks, UcDA	A denotes undercutting
attacks, UmDA	A denotes undermining attacks, and the sets
Rb, Uc , and Um are pairwise disjoint;

� S¼ ðBk;S⊑Þ represents a support relation such that BkDA	A

denotes support provided by backings and S⊑DA	A denotes
support provided by sub-arguments;

� ⪯DA	A is a preference relation; and
� there are no arguments A;BAA such A simultaneously attacks

and supports B (i.e., ðRb [ Uc [ UmÞ \ ðBk [ S⊑Þ ¼∅).

Rebutting and undermining attacks in a BUAF can be resolved
directly by applying preferences on the conflicting arguments. In
this way, they will lead to their corresponding forms of defeat
when the attacking arguments are not less preferred than the
attacked ones; in contrast, undercutting attacks require the con-
sideration of backing arguments (if they exist) for the attacked
arguments. These defeats are identified in Cohen et al. (2012) as
primary defeats, and are characterized by the following definition.

Definition 20 (Primary defeat). Let 〈A;R;S;⪯〉 be a BUAF and
A; CAA. A primarily defeats C iff one of the following conditions
holds:

� ðA; CÞAðRb [ UmÞ and A⊀C,
� ðA; CÞAUc and ∄BAA such that ðB; CÞABk, or� ðA; CÞAUc and (BAA such that ðB; CÞABk and A⊀B.

The preceding definition provides a mechanism for the resolution
of the conflicts expressed in the attack relation of the BUAF.
However, there might be other conflicts between arguments that
are not explicitly specified in the attack relation of the BUAF.
Several works in the literature of support in argumentation have
discussed the need for combining attacks and supports in order to
define new kinds of attacks (see e.g. Cayrol and Lagasquie-Schiex,
2005; Boella et al., 2010; Nouioua and Risch, 2011; Cayrol and
Lagasquie-Schiex, 2013), which the authors of Cayrol and
Lagasquie-Schiex (2013) refer to as complex attacks. Following this
intuition, the opposing nature of backing and undercutting argu-
ments in a BUAF suggests the existence of a conflict between
them. This implicit conflict can be appreciated in Definition 20,
since the resolution of undercutting attacks involves a comparison
between the attacking argument and a backing argument for the
attacked one. To model this kind of conflict explicitly, in Cohen
et al. (2012) the authors define the notion of implicit defeat as
follows.

Definition 21 (Implicit defeat). Given a BUAF 〈A;R;S;⪯〉 and
arguments A;B; CAA. If ðB; CÞABk and ðA; CÞAUc , then

� A implicitly defeats B iff A⊀B; and
� B implicitly defeats A iff B⊀A.

Definition 21 addresses the implicit conflict between backing and
undercutting arguments in a BUAF by determining the conditions
under which they defeat one another; however, given the nature
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of backing arguments, it is necessary to account for additional
conflicts that may arise. That is, backing arguments establish the
conditions under which their associated warrants hold. Therefore,
if a backing B of an argument A is defeated, then the conditions
that justify A's warrant no longer hold and thus, A should also
be defeated. Similarly, since the support relation of the
BUAF accounts for the notion of sub-argument, defeats on argu-
ments should be propagated to their corresponding super-
arguments. Following these intuitions, in Cohen et al. (2012) the
authors characterize the notion of indirect defeat, which propa-
gates defeats on arguments to the arguments they support.

Definition 22 (Indirect defeat). Let 〈A;R;S;⪯〉 be a BUAF and
A; CAA. A indirectly defeats C iff (BAA such that ðB; CÞAðBk [
S⊑Þ and A primarily defeats, implicitly defeats, or indirectly
defeats B.

As proposed in Cohen et al. (2012), the following definition
groups the different kinds of defeat that can occur between the
arguments of a BUAF, providing a unified notation for them.

Definition 23 (Defeat). Let 〈A;R;S;⪯〉 be a BUAF and A;BAA. A
defeats B, noted as A⟶B; iff A primarily defeats, implicitly
defeats, or indirectly defeats B.

Having formally defined the BUAF and the defeats between
arguments, in Cohen et al. (2012) the authors show that it is
possible to characterize a Dung-like abstract argumentation fra-
mework (AF) (Dung, 1995) by using the set of arguments of the
BUAF and the defeats between them. We will refer to this AF as
the AF associated with the BUAF. In addition, as shown in Cohen
et al. (2012), the associated AF is such that it accepts exactly the
same arguments as the BUAF under a given semantics. These
intuitions are formalized in the following definition.

Definition 24 (AF associated with a BUAF, BUAF extensions). Let
BUAF¼ 〈A;R;S;⪯〉 be a backing-undercutting argumentation fra-
mework. The abstract argumentation framework associated with
BUAF is AF¼ 〈A;⟶〉, where ⟶ is the defeat relation given in
Definition 23. Then, E is an extension of BUAF under a semantics
sAfcomplete; preferred; stable; groundedg iff E is an extension of AF
under s.

The following definitions introduce a series of semantic notions
from Dung (1995) leading to the characterization of different
extensions of an AF. In particular, following the approach adopted
in Cohen et al. (2012), in this work we will only consider the
complete, preferred, stable and grounded semantics from Dung
(1995); however, it should be noted that these results can be
extended to other acceptability semantics such as semi-stable
(Caminada, 2006) or ideal (Dung et al., 2007). Each one of these
semantics characterizes a set of extensions, identifying sets of
arguments that verify certain properties and can be collectively
accepted. In that way, an extension E of an AF under a semantics
sAfcomplete; preferred; stable; groundedg will be a set of accepted
arguments of the AF satisfying the constraints imposed by the
corresponding semantics.

Definition 25 (Conflict-freeness, acceptability and admissibility).
Let 〈A;⟶〉 be an AF and SDA:

� S is conflict-free iff ∄A;BAS s:t: A⟶B.
� A is acceptable with respect to S iff 8BAA s:t: B⟶A;

(CAS s:t: C⟶B.
� S is admissible iff it is conflict-free and 8AAS it holds that A is

acceptable with respect to S.
Definition 26 (AF extensions). Let 〈A;⟶〉 be an AF and SDA:

� S is a complete extension of AF iff it is admissible and 8AAA: if
A is acceptable with respect to S, then AAS.

� S is a preferred extension of AF iff it is a maximal (with respect
to D) admissible set.

� S is a stable extension of AF iff it is conflict-free and 8AAA⧹S:
(BAS s:t: B⟶A.

� S is the grounded extension of AF iff it is the smallest (with
respect to D) complete extension.

5.2. BUAF associated with an E-DeLP program

We will now explain the intuitions behind the process of
translating an E-DeLP program into its associated BUAF, followed
by its formal definition. That is, we will determine how to obtain
the four elements that provide the specification of the associated
BUAF: the set of arguments A, the attack relation R¼ ðRb;Uc;UmÞ,
the support relation S¼ ðBk;S⊑Þ and the preference relation ⪯.

The first element of the BUAF associated with an E-DeLP program
is the set of argumentsA. As presented in Section 3, Definitions 10, 12
and 13 provide a mechanism for obtaining all arguments that can be
built from an extended defeasible logic program. Thus, the set of
arguments A of the associated BUAF will coincide with the set of
arguments built from its corresponding E-DeLP program.

The attack relation R¼ ðRb;Uc;UmÞ of the associated BUAF will
be characterized by considering the different forms of attack
introduced in Definitions 16–18; since the sets Rb;Uc , and Um of R
must be pairwise disjoint, each attack in E-DeLP will belong to
only one of these sets in the associated BUAF. Rebutting and
undercutting attacks in E-DeLP will be mapped into the corre-
sponding sets Rb and Uc of the associated BUAF. Recall that
undermining attacks in E-DeLP are also rebutting attacks; how-
ever, they cannot be mapped into both Rb and Um. Thus, as
undermining attacks are a particular case of rebutting attacks, they
will be mapped into the set Um of the associated BUAF.

According to Definitions 16–18, given an attack (rebutting,
undercutting or undermining) from an argument A to an argu-
ment B in E-DeLP, there will also exist a derived attack (of the
same kind) from A to every super-argument C of B. However,
when specifying the attack relation of the associated BUAFwewill
not include the derived attacks that arise from the consideration of
super-arguments. That is to say, given an attack from an argument
A to an argument B in an E-DeLP program, the attack relation of
the associated BUAF will only include an attack from A to D,
where D is a disagreement sub-argument in the attack from A to
B. Then, as will become clear in Section 5.3, the conflicts involving
the super-arguments will be captured by the existence of indirect
defeats (see Definition 22) in the associated BUAF.

Let us now consider the specification of the support relation
S¼ ðBk;S⊑Þ of the associated BUAF, which distinguishes between
the support provided by backings (set Bk) and the support pro-
vided by sub-arguments (set S⊑). Given an E-DeLP program P and
a backing argument B for a defeasible rule R, B provides support
for every argument A built from P that contains the rule R. Not-
withstanding this, similar to the attacks, the associated BUAF will
only include the “direct” support links between arguments. That
is, in the case of backings, the set Bk will only include the support
links between B and those arguments A whose top defeasible rule
is R. Then, the support that B provides for the super-arguments of
A will be captured by the sub-argument relation between A and
its super-arguments.

Regarding the specification of the set S⊑, the associated
BUAF will be such that it considers only the relevant sub-argument
relations between arguments. Thus, it will be determined using the
notion of proper sub-argument characterized in Definition 14.



A. Cohen et al. / Engineering Applications of Artificial Intelligence 49 (2016) 149–166158
Moreover, similar to the set Bk, the sub-argument relation in the
associated BUAF will only represent the “direct” links between
arguments and their proper sub-arguments. That is, given an
argument A and a proper sub-argument B of A, the set S⊑ in the
associated BUAF will include a pair ðB;AÞ iff there is no proper sub-
argument C of A such that B is a proper sub-argument of C. Then,
the support links between B and the super-arguments of A will be
captured by chaining support links in the associated BUAF.

Since we are interested in including only the relevant sub-
argument links within the set S⊑, we will take additional con-
siderations. On the one hand, given the characterization of argu-
ments in E-DeLP, backing arguments will be, in particular, proper
sub-arguments of the arguments they support. Then, given a pair
ðB;AÞ in the set Bk of the associated BUAF, we will not include the
pair ðB;AÞ in the set S⊑. The reason for this is that we want the
associated BUAF to include the most specific relations between
arguments, because backings are a special case of sub-arguments
in E-DeLP. On the other hand, as it was shown in Section 3, for
every literal L that has a strict derivation from an E-DeLP program,
there will exist a claim argument A, where A is an empty set of
rules. In that way, arguments like A will be proper sub-arguments
of any other argument built from that program. Therefore, given
such an argument A for L, since we want to avoid irrelevant links
between arguments in the associated BUAF, the set S⊑ will only
include a pair (A;B) if the literal L is used in the derivation process
that leads to obtaining argument B.

The preference relation ⪯ of the associated BUAF will be spe-
cified in terms of the comparison criterion adopted by the E-DeLP
program, which might lead to incomparable arguments. Thus, the
preference relation of the BUAF will inherit the characteristics of
the comparison criterion used in E-DeLP.

Next, based on the intuitions presented above, we provide a for-
mal characterization of the BUAF associated with an E-DeLP program
P. This BUAF will be the backing-undercutting argumentation frame-
work associated with P, and will be denoted as BUAFP .

Definition 27 (BUAF associated with an E-DeLP Program). Let P be
an extended defeasible logic program. The backing-undercutting
argumentation framework associated with P is BUAFP ¼
〈AP ;RP ;SP ;⪯P 〉, where

� AP is the set of arguments built from P, according to Definitions
10, 12 and 13.

� RP ¼RbP [ UcP [ UmP is obtained from Definitions 16–18 as
follows:
○ Let 〈A1;H1〉; 〈A2;H2〉AAP s:t: 〈A1;H1〉 rebuts 〈A2;H2〉 and the

disagreement sub-argument in the attack is 〈A;H〉. If 〈A1;H1〉

also undermines 〈A2;H2〉, then ð〈A1;H1〉; 〈A;H〉ÞAUmP . Other-
wise, if 〈A1;H1〉 does not undermine 〈A2;H2〉, then
ð〈A1;H1〉; 〈A;H〉ÞARbP .

○ Let 〈A;R〉; 〈B;H〉AAP s:t: 〈A;R〉 undercuts 〈B;H〉. If 〈C;Q 〉 is the
disagreement sub-argument in this attack, then,
ð〈A;R〉; 〈C;Q 〉ÞA UcP .� SP ¼BkP [ S⊑P is obtained from Definition 14 and Proposition

3 as follows2:
○ Let 〈B;R〉; 〈A;H〉AAP s:t: 〈B;R〉 is a backing argument for the

defeasible rule R and is a proper sub-argument of 〈A;H〉. If R is
the top defeasible rule of 〈A;H〉, then ð〈B;R〉; 〈A;H〉ÞABkP .

○ Let 〈A;H〉; 〈B;Q 〉AAP s:t: 〈A;H〉 is a proper sub-argument of
〈B;Q 〉. If 〈A;H〉 is a claim argument s.t. the literal H is used in
the derivation process for building 〈B;Q 〉 and there is no
proper sub-argument 〈C; P〉 of 〈B;Q 〉 s:t: 〈A;H〉 is a proper sub-
argument of 〈C; P〉, then ð〈A;H〉; 〈B;Q 〉ÞAS⊑P .
2 Recall that, by Proposition 3, every proper sub-argument in E-DeLP is either a
claim argument or a backing argument.
� The preference relation ⪯P exactly reflects the comparison cri-
terion adopted in P.
The following example illustrates the process for obtaining the

BUAF associated with an E-DeLP program, as characterized by the
previous definition.

Example 11. Let P4 be the extended defeasible logic program
from Example 4. The backing-undercutting argumentation fra-
mework associated with P4 is BUAFP4 ¼ 〈AP4 ;RP4 ;SP4 ;⪯P4 〉,
where

� AP4 ¼

〈A1; illuminated_roomðrÞ〉 〈∅; switch_onðlÞ〉
〈A2; � illuminated_roomðrÞ〉 〈∅;night〉

〈A3; light_onðlÞ〉 〈∅; lamp_in_roomðl; rÞ〉
A4; light_onðlÞ switch_onðlÞ� �

b 〈∅; electricity〉

A5; light_onðlÞ switch_onðlÞ� �
u 〈∅; broken_lampðlÞ〉

8>>>>>>><
>>>>>>>:

9>>>>>>>=
>>>>>>>;

A1 ¼
illuminated_roomðrÞ night; lamp_in_roomðl; rÞ; light_onðlÞ
light_onðlÞ switch_onðlÞ
½light_onðlÞ switch_onðlÞ� ½electricity�

8><
>:

9>=
>;

A2 ¼ � illuminated_roomðrÞ night
� �

A3 ¼
light_onðlÞ switch_onðlÞ
½light_onðlÞ switch_onðlÞ� ½electricity�

( )

A4 ¼ ½light_onðlÞ switch_onðlÞ� ½electricity�� �
A5 ¼ ½light_onðlÞ switch_onðlÞ� ½electricity; broken_lampðlÞ�� �
That is,AP4 includes the arguments identified in Examples 6 and 7.

� RP4 ¼RbP4
[ UcP4

[ UmP4
, with

RbP4
¼

ð〈A1; illuminated_roomðrÞ〉; 〈A2; � illuminated_roomðrÞ〉Þ
ð〈A2; � illuminated_roomðrÞ〉; 〈A1; illuminated_roomðrÞ〉Þ

( )

UcP4
¼ ð A5; light_onðlÞ switch_onðlÞ� �

u; 〈A3; light_onðlÞ〉Þ
� �

UmP4
¼∅

In particular, the set RbP4
includes the rebutting attacks from

Example 8. Similarly, the set UcP4
includes the undercutting

attack from Example 9.
� SP4 ¼BkP4

[ S⊑P4
, with

BkP4
¼ ð A4; light_onðlÞ switch_onðlÞ� �

b; 〈A3; light_onðlÞ〉Þ
� �

S⊑P4
¼

ð〈A3; light_onðlÞ〉; 〈A1; illuminated_roomðrÞ〉Þ
ð〈∅; switch_onðlÞ〉; A4; light_onðlÞ switch_onðlÞ� �

bÞ
ð〈∅;night〉; 〈A1; illuminated_roomðrÞ〉Þ
ð〈∅;night〉; 〈A2; � illuminated_roomðrÞ〉Þ
ð〈∅; lamp_in_roomðl; rÞ〉; 〈A1; illuminated_roomðrÞ〉Þ
ð〈∅; electricity〉; A4; light_onðlÞ switch_onðlÞ� �

bÞ
ð〈∅; electricity〉; A5; light_onðlÞ switch_onðlÞ� �

uÞ
ð〈∅; broken_lampðlÞ〉; A5; light_onðlÞ switch_onðlÞ� �

uÞ

8>>>>>>>>>>>>>><
>>>>>>>>>>>>>>:

9>>>>>>>>>>>>>>=
>>>>>>>>>>>>>>;

The set BkP4
models the support that the backing argument

A4; light_onðlÞ switch_onðlÞ� �
b provides for the claim argument

〈A3; light_onðlÞ〉, since the latter is the super-argument of the
former whose top defeasible rule is “light_onðlÞ switch_onðlÞ”.
Then, the set S⊑P4

models the proper sub-argument relation
between 〈A3; light_onðlÞ〉 and 〈A1; illuminated_roomðrÞ〉, as well
as those resulting from the consideration of the arguments
whose conclusions are facts in P4.
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� Let us suppose that the argument comparison criterion adopted
by P4 is such that 〈A1; illuminated_roomðrÞ〉 is preferred to
〈A2; � illuminated_roomðrÞ〉 and, on the other hand,
A5; light_onðlÞ switch_onðlÞ� �

u is preferred to A4; light_onðlÞ
�

switch_onðlÞib. Also, suppose that the comparison criterion does
not establish other preferences on the arguments built from P4.
Then, the preference relation of BUAFP4 is

⪯P4 ¼
ð〈A2; � illuminated_roomðrÞ〉; 〈A1; illuminated_roomðrÞ〉Þ
ð A4; light_onðlÞ switch_onðlÞ� �

b; A5; light_onðlÞ switch_onðlÞ� �
uÞ

( )

Fig. 3 illustrates the graphical representation of BUAFP4 , as
introduced in Cohen et al. (2012). In this representation, the
attack relation of a BUAF is denoted using a tailed arrow ‘↣’.
In particular, the tailed arrows are labeled with ‘Rb’, ‘Uc’ and ‘Um’,
depending on the attack they represent. Similarly, the support
relation of a BUAF is denoted using ‘)’, where the double
arrows are respectively labeled with ‘b’ and ‘⊑’ to distinguish
between the support provided by backings and sub-arguments.
In addition, for legibility purposes, the arguments belonging to
the set AP4 are depicted in Fig. 3 as Arg1;Arg2;…;Argn, where

Arg1 ¼ 〈A1; illuminated_roomðrÞ〉; Arg6 ¼ 〈∅; switch_onðlÞ〉
Arg2 ¼ 〈A2; � illuminated_roomðrÞ〉; Arg7 ¼ 〈∅;night〉
Arg3 ¼ 〈A3; light_onðlÞ〉; Arg8 ¼ 〈∅; lamp_in_roomðl; rÞ〉
Arg4 ¼ A4; light_onðlÞ switch_onðlÞ� �

b; Arg9 ¼ 〈∅; electricity〉

Arg5 ¼ A5; light_onðlÞ switch_onðlÞ� �
u; Arg10 ¼ 〈∅; broken_lampðlÞ〉

As the following proposition shows, given the transformation
characterized by Definition 27, the BUAFP associated with an
E-DeLP program P is such that every argument in BUAFP has at
most one backing argument.

Proposition 4. Let P be an extended defeasible logic program and
BUAFP ¼ 〈AP ;RP ;SP ;⪯P 〉 the backing-undercutting argumentation
framework associated with P. For every 〈A;H〉AAP it holds that if
(〈B;R〉AAP such that ð〈B;R〉; 〈A;H〉ÞABkP , then ∄〈C;R0〉AAP such
that 〈C;R0〉a〈B;R〉 and ð〈C;R0〉; 〈A;H〉ÞABkP .

Proof. See Appendix.

5.3. Defeats in E-DeLP

As mentioned at the beginning of this section, defeats between
arguments built from an E-DeLP program will correspond to
defeats in the BUAF associated with that program, as shown by
the following definition.

Definition 28 (Defeat in E-DeLP). Let P be an extended defeasible
logic program and BUAFP ¼ 〈AP ;RP ;SP ;⪯P 〉 the backing-
undercutting argumentation framework associated with P. For
every pair of arguments A;BAAP s.t. A defeats B in BUAFP ;A
defeats B in P.
To illustrate the occurrence of defeats in E-DeLP, let us consider
the following example.

Example 12. Let P4 be the extended defeasible logic program
from Example 4 and BUAFP4 its associated backing-undercutting
Fig. 3. Graphical Representation of ABUAFP4 from Example 11.
argumentation framework from Example 11. Then, we obtain the
following defeats between arguments of P4:

� 〈A1; illuminated_roomðrÞ〉 defeats 〈A2; � illuminated_roomðrÞ〉 in
P4 since 〈A1; illuminated_roomðrÞ〉 primarily defeats
〈A2; � illuminated_roomðrÞ〉 in BUAFP4 .� A5; light_onðlÞ switch_onðlÞ� �

u defeats A4; light_on
� ðlÞ switch

_onðlÞib in P4 since A5; light_onðlÞ switch_onðlÞ� �
u implicitly

defeats A4; light_onðlÞ switch_onðlÞ� �
b in BUAFP7 .� A5; light_onðlÞ switch_onðlÞ� �

u defeats 〈A3; light_onðlÞ〉 in P4

since A5; light_onðlÞ switch_onðlÞ� �
u primarily (and indirectly)

defeats 〈A3; light_onðlÞ〉 in BUAFP4 .� A5; light_onðlÞ switch_onðlÞ� �
u defeats 〈A1; illuminated_roomðrÞ〉

in P4 since A5; light_onðlÞ switch_onðlÞ� �
u indirectly defeats

〈A1; illuminated_roomðrÞ〉 in BUAFP4 .

Fig. 4 illustrates these defeats using the notation of the
BUAF introduced in Section 5.1, where A⟶B denotes a defeat
from A to B. In addition, Fig. 4 adopts the simplified representa-
tion for arguments of P4 introduced in Example 11.

Now that we have characterized the notion of defeat in E-DeLP we
can extend the visual representation introduced in Section 4 to con-
sider the defeats between arguments and, following the notation
adopted by the BUAF, defeats in E-DeLP will be denoted using solid
arrows. Therefore, for instance, the defeat from an argument A to an
argument B in E-DeLP will be noted as A⟶B. In addition, for those
attacks that result in defeats between arguments in E-DeLP, the visual
representationwill only include the solid arrows corresponding to the
defeats. That is, if A attacks B (noted as A B) and also defeats it
(noted asA⟶B), the visual representationwill only include the solid
arrow from A to B. To illustrate this, let us consider the following
example.

Example 13. Let P4 be the extended defeasible logic program from
Example 4. The arguments built from P4 and the attacks between
them are illustrated in Fig. 2, corresponding to Example 10. Given
the defeats identified in Example 12, we obtain an extended visual
representation of arguments, attacks and defeats from P4, illu-
strated in Fig. 5. Note that, by Definition 28, defeats between
arguments in E-DeLP do not necessarily originate from attacks
between arguments. Such is the case of the defeat from
A5; light_onðlÞ switch_onðlÞ� �

u to A4; light_onðlÞ switch_onðlÞ� �
b,

which corresponds to an implicit defeat in BUAFP4 (i.e., in the
BUAF associated with P4).
6. Acceptability calculus

Having defined the infrastructure necessary for the construc-
tion of arguments, and having determined the defeats between
them, we will now address the problem of deciding which argu-
ments are accepted in E-DeLP. Starting from the BUAF associated
with an E-DeLP program, we will determine the acceptability
status of arguments built from that program. Specifically, the
acceptability status of arguments in a program P will be deter-
mined by their corresponding acceptability status in BUAFP . Then,
the conclusions of the accepted arguments will determine the
Fig. 4. Defeats between arguments of P4, corresponding to Example 12.



Fig. 5. Visual representation of arguments, attacks and defeats from P4, corresponding to Example 13.
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inferences of the system, which will be referred to as the war-
ranted literals from the corresponding E-DeLP program.

As mentioned in Section 5.1, in this work we will only consider
the complete, preferred, stable, and grounded acceptability
semantics. Then, as the following definition shows, an argument
built from an E-DeLP program P will be accepted with respect to a
given semantics iff it belongs to an extension of BUAFP under the
same semantics.

Definition 29 (E-DeLP extensions). Let P be an extended defea-
sible logic program, BUAFP the backing-undercutting argu-
mentation framework associated with P, E a set of arguments built
from P and sA {complete, preferred, stable, grounded} an
acceptability semantics. We say that E is an extension of P under
the semantics s iff E is an extension of BUAFP under s.

Recall that, by Definition 24, the extensions of BUAFP are the
extensions of its associated AF. Thus, the extensions of P are, in
turn, the extensions of the AF associated with BUAFP , which we
may refer to as AFP .

Example 14. Let P4 be the extended defeasible logic program
from Example 4 and BUAFP4 its associated backing-undercutting
argumentation framework from Example 11. Example 12 shows
the defeats between arguments of P4. Moreover, Fig. 4 depicts the
arguments of P4 and the defeats between them, which char-
acterize the AFP4 associated with BUAFP4 . Thus, since there are no
cycles of defeat in AFP4 , the only complete, preferred, stable and
grounded extension of P4 is

E4 ¼

〈A2; � illuminated_roomðrÞ〉 〈∅; switch_onðlÞ〉
A5; light_onðlÞ switch_onðlÞ� �

u 〈∅;night〉
〈∅; lamp_in_roomðl; rÞ〉 〈∅; electricity〉

〈∅; broken_lampðlÞ〉

8>>>><
>>>>:

9>>>>=
>>>>;

where

A2 ¼ � illuminated_roomðrÞ night
� �

A5 ¼ ½light_onðlÞ switch_onðlÞ� ½electricity; broken_lampðlÞ�� �

There is a vast amount of work in the literature showing that the
application of alternative acceptability semantics may lead to
obtaining different sets of extensions (see e.g. Dung, 1995; Baroni
et al., 2011a). As the following example shows, there may exist
arguments that do not belong to any extension of an E-DeLP program
under a semantics s, arguments that belong to some extensions but
not to others, and arguments that belong to every extension obtained
under the semantics s.

Example 15. Let P15 ¼ ðΠ15;Δ15;Σ15Þ be an extended defeasible
logic program, where Π15 ¼ fa; bg, Δ15 ¼ fðl aÞ; ð � l bÞ; ðh aÞg
and Σ15 ¼ f½h a� ½b�g. From P15 we obtain the following
arguments:

〈∅; a〉 〈A1; l〉 〈A3;h〉

〈∅; b〉 〈A2; � l〉 A4;h a
� �

u

withA1 ¼ fl ag,A2 ¼ f� l bg,A3 ¼ fh ag andA4 ¼ f½h a� ½b�g.
In this case, 〈A1; l〉 rebuts 〈A2; � l〉 and vice-versa. In addition,
A4;h a
� �

u undercuts 〈A3;h〉. Suppose that the comparison criterion
adopted in P15 is such that 〈A1; l〉 and 〈A2; � l〉 are equally preferred.
Then, we obtain the following defeats between arguments in P15: on
the one hand, 〈A1; l〉 and 〈A2; � l〉 defeat each other; on the other
hand, since 〈A3;h〉 has no backing arguments, it is defeated by
A4;h a
� �

u. Finally, considering the preferred semantics, we obtain
the following preferred extensions of P15: EP15 ¼ f
〈∅; a〉; 〈∅; b〉; A4;h a

� �
u; 〈A1; l〉g and E0

P15
¼ f〈∅; a〉; 〈∅; b〉;

A4;h a
� �

u; 〈A2; � l〉g.
As proposed in the literature (Touretzky et al., 1987), it is pos-

sible to characterize reasoners as skeptical or credulous depending
on the approach taken for determining the acceptance or rejection
of arguments. In particular, in this work we will follow a skeptical
approach, requiring arguments to belong to every extension under
a given semantics in order to be considered as accepted with
respect to that semantics.

Definition 30 (Accepted and rejected arguments). Let P be an
extended defeasible logic program, sA {complete, preferred,
stable, grounded} an acceptability semantics, and A an argument
built from P. If A belongs to every extension of P under the
semantics s, then we will say that A is accepted with respect to s;
otherwise, we will say that A is rejected with respect to s.

Example 16. Let P4 be the extended defeasible logic program
from Example 4. As shown in Example 14, P4 has only one com-
plete, preferred, stable, and grounded extension. Therefore, all
arguments belonging to the extension are accepted with respect
to these semantics, whereas any other argument is rejected with
respect to them.

Example 17. Given the extensions of the E-DeLP program P15

from Example 15, it holds that arguments 〈∅; a〉; 〈∅; b〉 and
A4;h a
� �

u are accepted with respect to the preferred semantics.
In contrast, arguments 〈A1; l〉; 〈A2; � l〉 and 〈A3;h〉 are rejected
with respect to that semantics. On the one hand, 〈A1; l〉 and 〈A2;

� l〉 are rejected because they only belong to one preferred
extension of P15. On the other hand, 〈A3;h〉 is rejected because it
does not belong to any preferred extension of P15.

Having identified the accepted arguments of an E-DeLP program
P under a semantics s, it is possible to determine the inferences of
P, which will be referred to as the warranted literals under the
corresponding semantics. Intuitively, since claim arguments are the
only ones whose conclusions are literals, the warranted literals from
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an E-DeLP program will be the conclusions of all accepted claim
arguments.

Definition 31 (Warranted literals). Let P be an extended defea-
sible logic program, L a literal and sA {complete, preferred, stable,
grounded} an acceptability semantics. We say that L is warranted
from P under the semantics s iff there exists a claim argument
〈A; L〉 such that it is accepted with respect to the semantics s.

Example 18. Let P4 be the extended defeasible logic program
from Example 4. As shown in Examples 14 and 16, P4 has only one
complete, preferred, stable and grounded extension and thus, all
arguments belonging to the extension are accepted with respect
to those semantics. Hence, the warranted literals from P4 under
the complete, preferred, stable and grounded semantics are
“� illuminated_roomðrÞ”, “lamp_in_roomðl; rÞ”, “broken_lampðlÞ”,
“switch_onðlÞ”, “electricity” and “night”.

Next, we will present a series of properties satisfied by E-DeLP,
which refer to desirable features of argumentation systems. In
particular, these properties concern the acceptance of arguments
and the inferences of the system. First, we will show that all
arguments built from the strict knowledge of an E-DeLP program
will be accepted and, therefore, their conclusions will be war-
ranted literals. Then, we will show that no pair of accepted argu-
ments will be such that one defeats the other. Finally, we will
show that the inferences obtained from an E-DeLP program are
consistent since literals in disagreement cannot be simultaneously
warranted.

The following proposition shows that, given an E-DeLP program
P, every argument whose conclusion has a strict derivation from P
will be accepted. Moreover, the conclusions of those arguments will
be warranted literals from the E-DeLP program.

Proposition 5. Let P be an extended defeasible logic program and
sA {complete, preferred, stable, grounded} an acceptability seman-
tics. If 〈∅; L〉 is an argument built from P, then 〈∅; L〉 is accepted with
respect to the semantics s and L is a warranted literal from P under s.

Proof. See Appendix.

Another property satisfied by E-DeLP regards the conflict-
freeness of the sets of accepted arguments. Specifically, all
extensions of an E-DeLP program will be such that they do not
simultaneously accept arguments that defeat one another.

Proposition 6. Let P be an extended defeasible logic program and
sAfcomplete; preferred; stable; groundedg an acceptability seman-
tics. If 〈A;H〉 is an argument of P that is accepted with respect to the
semantics s, then for every argument 〈B;Q 〉 s:t: 〈A;H〉 defeats 〈B;Q 〉

or 〈B;Q 〉 defeats 〈A;H〉 in P, it holds that 〈B;Q 〉 is a rejected argument
with respect to the semantics s.

Proof. See Appendix.

The following theorem formalizes a fundamental property
satisfied by E-DeLP, which regards the inferences of the system.
Specifically, it shows that the inferences of an E-DeLP program are
consistent, in the sense that the program does not warrant literals
in disagreement. It should be noted that, although Proposition 6
shows a very simple result, it is useful for proving the following
theorem.

Theorem 1. Let P be an extended defeasible logic program and sA
fcomplete; preferred; stable; groundedg an acceptability semantics.
If L is a warranted literal from P under the semantics s, then for every
literal L0 s.t. L and L0 disagree it holds that L0 is not a warranted literal
from P under the semantics s.

Proof. See Appendix.

The property formalized by the preceding theorem relies on
the fact that Definition 30 adopts a skeptical approach for char-
acterizing the accepted arguments in E-DeLP (thus justifying the
choice of skeptical over credulous acceptance). In contrast, if
Definition 30 had adopted a credulous approach by requiring
arguments to belong to at least one extension under a given
semantics in order to be considered as accepted with respect
to that semantics, Theorem 1 would no longer hold. To illustrate
this, let us consider the E-DeLP program P15 from Example 15. By
considering a credulous approach, arguments 〈A1; l〉 and 〈A2; � l〉
would be accepted with respect to the preferred semantics since
they respectively belong to the preferred extensions EP15 and E0

P15
.

Thus, by Definition 31, it would be the case that both literals “l”
and “� l” are warranted from P15 under the preferred semantics.
As a result, if we adopted a credulous approach, the inferences
from the E-DeLP program P15 would no longer be consistent since
the program would be simultaneously warranting literals in
disagreement.

Finally, it is important to remark that Theorem 1 relates to the
rationality postulate of direct consistency proposed in Caminada
and Amgoud (2007). Specifically, the direct consistency postulate
expresses that the set of justified conclusions of a structured
argumentation system and the different sets of conclusions cor-
responding to each extension should be consistent. On the one
hand, it is easy to see that the first part of this postulate is satisfied
in E-DeLP since, by Theorem 1, literals in disagreement will not be
simultaneously warranted from an E-DeLP program. On the other
hand, since the extensions of an E-DeLP program P coincide with
the extensions of AFP (the AF associated with BUAFP , the
backing-undercutting argumentation framework associated with
P) and, by Definition 26, these extensions are conflict-free, the
second part of this postulate also holds.
7. Related work and discussion

We have introduced a structured argumentation system that
extends the representational formalism of Defeasible Logic Pro-
gramming (DeLP) (García and Simari, 2004). The system proposed
here, called Extended Defeasible Logic Programming (E-DeLP),
allows for the representation of attack and support for defeasible
rules through the addition of backing and undercutting rules; in
this way, the language of E-DeLP models the notion of backing
proposed by Toulmin (1958), as well as the notion of undercut
introduced by Pollock (1987). In addition, since E-DeLP keeps the
elements of DeLP's representational language, the formalism
proposed in this paper effectively extends that of García and
Simari (2004), providing a way to apply any acceptability seman-
tics in this framework.

In this work we follow the specification of E-DeLP programs
proposed in Cohen et al. (2011), as well as the formalization of
different types of arguments and the attacks between them. In
particular, this is a further development of Cohen et al. (2011),
where different aspects of E-DeLP are explored in more detail and
others are corrected. Also, we have incorporated more examples
and discussed the intuitions behind the formalization of the sys-
tem. Another difference between this work and the one reported
in Cohen et al. (2011) is that here we explicitly address the
acceptability calculus of arguments in E-DeLP. In that way, we are
able to identify the warranted literals from an E-DeLP program,
which constitute the inferences of the system. Then, we also
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formalize a series of properties satisfied by E-DeLP, which char-
acterize desirable features of a structured argumentation system.

In order to determine the acceptance or rejection of arguments
built from an E-DeLP program, we make use of the Backing-
Undercutting Argumentation Framework (BUAF) proposed in
Cohen et al. (2012). The BUAF adopts the same interpretation of
support as E-DeLP, distinguishing between the support provided
by sub-arguments and backings. The main difference between the
BUAF and E-DeLP relies on their level of abstraction: whereas the
former is an abstract argumentation framework, the latter is a
structured argumentation system. Therefore, by characterizing the
BUAF associated with an E-DeLP program, we show that E-
DeLP provides the means for instantiating the formalism pro-
posed in Cohen et al. (2012).

In the last decade, the study of the notion of support regained
attention amongst researchers. In particular, Verheij was one of
the first to resume the study of support, by performing a recon-
struction of Toulmin's ideas (Verheij, 2005, 2009) and allowing for
the representation of the elements in Toulmin's scheme and the
support links between them. Verheij's proposal was developed
using DefLog (Verheij, 2003), a theory of dialectical argumentation
based on sentences, instead of based on arguments. This is because
DefLog focuses on the justification of prima facie assumptions,
instead of focusing on the arguments obtained in terms of them.

Briefly, DefLog's logical language has two connectives: 	 (dia-
lectical negation) and ⇝ (primitive implication). The dialectical
negation 	S of a sentence S expresses that S is defeated. Thus, the
dialectical negation is inherently “directed” in the following sense:
if 	S is justified, then S is defeated; however, it is not always the
case that if S is justified, then 	S is defeated. On the other hand,
the primitive implication ⇝, in contrast to the material implication
of classical logic, expresses elementary conditional relations that
exist contingently in the world. It is a binary connective used to
express that one sentence supports another, allowing one to
obtain new sentences through the use of modus ponens. Finally, in
DefLog it is possible to combine and nest the connectives 	 and ⇝
to obtain more complex sentences like A⇝ðB⇝CÞ or A⇝	 B.

A main difference between DefLog and E-DeLP is that the former
is a formalism based on sentences, whereas the latter is an argu-
mentation system based on logic programming. Hence, arguments in
DefLog are sets of sentences, whereas in E-DeLP arguments corre-
spond to specific sets of rules (defeasible rules and/or backing rules).
As mentioned before, in DefLog it is possible to combine and nest the
connectives 	 and ⇝, thus allowing for the representation of Toul-
min's backings and Pollock's undercutting defeaters. Notwithstanding
this, given that the use of dialectical negation implies the existence of
defeats, an argument for a sentence 	S will always be preferred to an
argument for a sentence S. Therefore, in DefLog it is not possible to
express attack without defeat; that is, the notions of attack and defeat
are equivalent in Verheij's approach. In contrast, in E-DeLP we iden-
tify different kinds of attack between arguments (namely, rebutting,
undercutting, and undermining). Then, by characterizing the
BUAF associated with an E-DeLP program, we obtain the defeats
between those arguments. Thus, in E-DeLP it is possible to represent
both notions of attack and defeat, since the existence of attacks
between arguments do not necessarily lead to the existence of
defeats. Moreover, as shown in Section 5, an implicit defeat from an
argument A to an argument B is not directly obtained from an attack
between A and B. Rather, the implicit defeat from A to B is obtained
by combining other attacks and supports involving these arguments.

The authors of Amgoud et al. (2004) and Cayrol and Lagasquie-
Schiex (2005) were the first researchers to explicitly account for a
support relation in the context of abstract argumentation. They
proposed the Bipolar Argumentation Framework (BAF), an abstract
argumentation system incorporating a general support relation
between arguments. In that way, the support relation is simply
considered as a positive interaction, without imposing additional
constraints. Then, the semantics associated with the support
relation are given implicitly, by characterizing a series of complex
defeats that arise from the combination of the original defeat and
support relations.

The extensive research line on Bipolar Argumentation Frame-
works motivated later studies on the notion of support. As a result,
different formalizations of support relations were proposed in the
literature, considering alternative interpretations for this notion.
The most distinguished are the evidential support proposed in Oren
and Norman (2008), the deductive support of Boella et al. (2010)
and the necessary support of Nouioua and Risch (2011), which are
surveyed in Cayrol and Lagasquie-Schiex (2013) and Cohen et al.
(2014). Briefly, the notion of evidential support enables one to
distinguish between prima facie and standard arguments. Prima
facie arguments represent the notion of evidence and do not
require support from other arguments to stand, while standard
arguments cannot be accepted if they are not supported by evi-
dence. On the other hand, deductive support is intended to cap-
ture the following intuition: if argument A supports argument B,
then the acceptance of A implies the acceptance of B and, con-
versely, the non-acceptance of B implies the non-acceptance of A.
Finally, the notion of necessary support enforces the following
constraint: if argument A supports argument B, then it means that
A is necessary for B. Thus, the acceptance of B implies the
acceptance of A and, conversely, the non-acceptance of A implies
the non-acceptance of B.

Similar to the BAF, each of the formalizations mentioned above
characterize a series of complex defeats that reinforce the accept-
ability constraints imposed by their corresponding interpretation
of support. Moreover, it can be noted that there exists a relation
between some of these interpretations. In particular, in Cayrol and
Lagasquie-Schiex (2013) and Cohen et al. (2014), the notions of
deductive support and necessary support are shown to be dual in
the following sense: an argument A deductively supports an
argument B iff B is necessary for A. In addition, in Cayrol and
Lagasquie-Schiex (2013) the authors state that evidential support
cannot be reduced to necessary support (nor to deductive sup-
port). So, it is not possible to handle together in the same BAF the
notions of evidential support and necessary/deductive support.

Notwithstanding this, in Polberg and Oren (2014) the authors
present an improved characterization of the Evidential Argu-
mentation System (EAS) proposed in Oren and Norman (2008),
and they show that there exists a relation between the notions of
evidential support and necessary support. In order to do this, they
propose a translation from the Argumentation Framework with
Necessities (AFN) of Nouioua and Risch (2011) into an EAS, and
they also show how to translate the evidential support relation of
the EAS into the necessary support relation of the AFN. In parti-
cular, the results presented in Polberg and Oren (2014) make use
of the formalization of the AFN provided in Nouioua (2013), in
which the necessity support relation is generalized in a way such
that it originates from sets of arguments.

The most significant difference between E-DeLP and the for-
malizations of support presented above is that they correspond to
abstract argumentation frameworks, whereas E-DeLP is a structured
argumentation system based on logic programming. Taking this into
account, we cannot perform a direct comparison between E-DeLP and
the other formalisms; however, it is possible to identify a relation
between the interpretations of support adopted by them. On the one
hand, following the compositionality principle of Prakken and Vrees-
wijk (2002) which captures the intuition that an argument cannot be
accepted unless all its sub-arguments are accepted, sub-arguments in
E-DeLP can be considered as necessary for their super-arguments.
Then, since backing arguments in E-DeLP are a special case of sub-
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arguments, backing arguments can also be considered as necessary for
the arguments they support.

On the other hand, it could be argued that there exists a rela-
tion between the notions of backing and evidential support. Recall
that the notion of derivation in E-DeLP establishes that, if backing
rules for a given defeasible rule exist, they must be taken into
consideration in the derivation process. This may suggest that
backing rules in E-DeLP provide some sort of evidence required for
using their associated defeasible rules. However, there exists a
fundamental difference between these two notions: arguments in
an EAS cannot be accepted if they are not supported by evidence,
whereas arguments in E-DeLP can be accepted even though they
do not make use of backing rules (i.e., even though there are no
backing arguments supporting them). This is because the set of
arguments of an EAS corresponds to potential arguments. Then,
only those arguments that are supported by evidence are con-
sidered in the acceptability calculus. In contrast, since the
existence of backing rules in E-DeLP is not mandatory,
E-DeLP programs can be specified in a way such that they do not
contain backing rules. Hence, in such a case, arguments built from
that programwill not contain backing rules and, consequently, will
not have backing arguments.

Nonetheless, the notion of evidential support can be related to
the existence of facts and presumptions in E-DeLP. Recall that facts
correspond to information perceived as secure and indisputable,
which may be the result of observations from the environment;
thus, they can be considered as evidence. Then, since presump-
tions can only be used if they do not contradict the strict knowl-
edge of an E-DeLP program, they can be considered as supported
by the absence of evidence contradicting them. As a result, since
facts and presumptions provide the grounds for every derivation
leading to the construction of arguments, every argument built
from an E-DeLP program will be directly or indirectly supported
by evidence.

In Prakken (2009) the author introduced ASPICþ , an argu-
mentation formalism that instantiates Dung (1995)'s approach by
partially specifying the structure of arguments and identifying
different kinds of attack between them. One difference between
ASPICþ and E-DeLP is that the former proposes a general notion
of argument, whereas the latter distinguishes between three types
of arguments, including backing and undercutting arguments.

Similar to ASPICþ , E-DeLP considers rebutting attacks, under-
cutting attacks and undermining attacks; however, unlike ASPICþ ,
attacks in E-DeLP are not resolved directly by applying pre-
ferences. Instead, as mentioned before, we characterize a
BUAF associated with an E-DeLP program that allows one to
obtain the defeats between arguments. Moreover, there is an
essential difference in the resolution of undercutting attacks in
ASPICþ and in E-DeLP. Undercutting attacks in ASPICþ will
always succeed. In contrast, the resolution of undercutting attacks
in the BUAF associated with an E-DeLP program requires the
consideration of backing arguments that support the attacked
argument; this highlights another difference between E-DeLP and
ASPICþ . In addition to the possibility of expressing reasons against
defeasible inference rules (through the use of undercutting rules),
E-DeLP allows for the consideration of reasons in favor of using
defeasible rules, determining conditions under which they are
applicable. Thus, E-DeLP is the first structured argumentation
system to address Toulmin's and Pollock's ideas simultaneously.

Finally, our work relates to Prakken (2014) in that they both
consider the instantiation of abstract argumentation formalisms
with more concrete ones. On the one hand, Prakken (2014) is
concerned with the analysis of whether the BAF (Cayrol and
Lagasquie-Schiex, 2005), the EAS (Oren and Norman, 2008), and
the SuppAF framework proposed in Prakken (2014) can be
instantiated by considering ASPICþ 's sub-argument relation. On
the other hand, in this paper we have shown that, given the spe-
cification of an E-DeLP program, it is possible to provide a char-
acterization of its associated BUAF (Cohen et al., 2012). As men-
tioned before, this is performed with the aim of addressing the
acceptability calculus in E-DeLP. However, this also shows that
there exists a correspondence between the support relations of
E-DeLP and the corresponding BUAF, modeling the support that
Toulmin's backings provide for their associated warrants in
different contexts. Whereas E-DeLP provides a characterization of
backings in a structured argumentation system, the BUAF models
this notion in the context of abstract argumentation.
8. Conclusions and future work

In this work we proposed a structured argumentation system
called Extended Defeasible Logic Programming (E-DeLP) inspired by the
ideas of Toulmin (1958) and Pollock (1987). As shown in Section 2,
E-DeLP extends the formalism of García and Simari (2004) by incor-
porating two new kinds of rules that allow one to express reasons for
and against the use of defeasible rules. Then, in Section 3 we intro-
duced the different types of arguments that can be built from an
E-DeLP program: claim arguments, backing arguments and under-
cutting arguments, where the last two are closely related to Toulmin's
notion of backing and Pollock's notion of undercut.

Given the arguments built from an E-DeLP program, in Section 4
we identified three forms of attack that can occur between them:
rebutting, undercutting, and undermining attacks. On the one hand,
the first and third forms of attack dispute the conclusion of an
argument. On the other hand, the second form of attack provides a
reason against a defeasible rule used by another argument. It can be
noted that backing and undercutting arguments have an opposing
nature. Whereas undercutting arguments originate undercutting
attacks, backing arguments are aimed at avoiding the success of
those attacks by providing a defense for the defeasible rules in
dispute.

Following the query-oriented approach of García and Simari
(2004), in E-DeLP we are interested in determining the inferences
of the system, which correspond to the warranted literals from an
E-DeLP program. To achieve this, in Section 5 we introduced the
characterization of a BUAF associated with an E-DeLP program,
from which we obtained the defeats between arguments. Then, by
considering the arguments built from an E-DeLP program and the
defeats between them, in Section 6 we addressed the acceptability
calculus of arguments by adopting an extensional approach. Spe-
cifically, the accepted arguments of an E-DeLP program were
identified in terms of the extensions of its associated BUAF. From
the accepted arguments we distinguished the claim arguments,
which determined the inferences of the system. As a consequence,
the conclusions of all claim arguments built from an
E-DeLP program correspond to the warranted literals from that
program. Finally, in Section 6 we also studied several properties
satisfied by E-DeLP, regarding the acceptance of arguments and
the consistency of the system's inferences.

The approach taken in Section 6 has two clear advantages. First,
by defining the extensions of an E-DeLP program in terms of the
extensions of its associated BUAF (which, in turn, are obtained in
terms of its associated AF), we are able to use any acceptability
semantics for AF's proposed in the literature (see Baroni and
Giacomin, 2009; Baroni et al., 2011a for an overview on argu-
mentation semantics). Second, by providing a characterization of
the associated BUAF, we showed that it is possible to instantiate
the formalism of Cohen et al. (2012) starting from the specification
of an E-DeLP program. In that way, we provided a concrete
application of the abstract argumentation framework proposed in
Cohen et al. (2012).
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Similar to E-DeLP, there exist other approaches in the literature
that address the existence of support between arguments; however,
as mentioned in Section 7, they are mostly developed in a context of
abstract argumentation. As a result, E-DeLP is the first argumentation
system to combine Toulmin's and Pollock's ideas in a context of
structured argumentation. Moreover, E-DeLP is the first structured
argumentation system enabling one to argue about the use of infer-
ence rules. In particular, as mentioned before, in DeLP García and
Simari (2004) it is not possible to argue about that since only literals
can appear in the head of rules; thus, defeasible rules in DeLP cannot
be attacked or supported. As a result, by incorporating backing and
undercutting rules, E-DeLP enriches the representational capabilities
of DeLP, resulting in a more expressive logic programming language
and thus, allowing for its use in more complex scenarios.

Given that backing and undercutting rules in E-DeLP provide
(defeasible) reasons supporting or attacking the use of defeasible
rules, they could also be considered as defeasible. Therefore, it
should be possible to provide reasons for or against their use. The
aim of this work was to provide a formalization of Toulmin's and
Pollock's ideas in the context of a structured argumentation sys-
tem. Hence, the representational language of E-DeLP proposed in
this work was kept as simple as possible and thus, it does not
currently allow for attack or support on backing/undercutting
rules. Notwithstanding this, motivated on the work by Modgil
(2009) and Baroni et al. (2011b), where attacks on attacks are
allowed in abstract argumentation frameworks, we started to
study the possibility of modeling recursive attack and support
relations (as well as their combination) in the context of abstract
argumentation (Cohen et al., 2014b). Then, following that work,
we are interested in further studying Pollock's and Toulmin's ideas
in the context of structured argumentation, by analyzing the
possibility of expressing attack and support for inference rules in a
recursive manner. That is, to allow for backing and undercutting
rules to be themselves attacked and supported.

The formalization of E-DeLP as a structured argumentation
system based on logic programming facilitates its computational
implementation. In particular, we are currently starting to work on
a full implementation of E-DeLP, by extending the existing
implementation of DeLP García (2000) and García et al. (2007).
First, we have to extend the internal representation of rules, in
order to give the possibility of expressing reasons for and against
using defeasible rules. For that purpose, we are planning on
associating labels to defeasible rules, which will be treated as
special literals. Hence, the reasons for or against the use of a given
defeasible rule will be specified by referring to the label associated
with that rule or its complement. Moreover, we will have to
extend the existing implementation of DeLP's derivation
mechanism in order to account for backing rules and their rele-
vance on the derivation process in E-DeLP. After building the
arguments and identifying the attacks and supports between
them, we will implement the mapping leading to obtain the
BUAF associated with an E-DeLP program. Then, the mechanism
for obtaining the defeats between arguments can be easily
implemented and thus, we will specify the AF associated with the
BUAF. Finally, in order to obtain the accepted arguments, we will
make use of the implementations of argumentation semantics
available in the literature (Nofal et al., 2014).

To conclude, let us consider the use of DeLP in concrete
domains and real-world applications. In Ferretti et al. (2008) the
authors present a model for defeasible decision making using
DeLP. The principles stated in their work are exemplified in a
robotic domain where a Khepera 2 robot collects boxes scattered
through the environment and therefore, should make decisions
about which box must be transported next. Another concrete
application of DeLP can be found in Gómez et al. (2013), where the
authors propose ONTOarg, a decision support framework for
performing local-as-view integration of possibly inconsistent and
incomplete ontologies in terms of DeLP. Finally, in Deagustini et al.
(2013) the authors deal with the problem of massively built
arguments from premises obtained from relational databases and
compute warrant. There, the authors propose and test a series of
algorithms for integrating a database management system with
DeLP's argument-based inference engine.

By expanding the formalism of García and Simari (2004) and
providing an implementation of E-DeLP we will be improving the
knowledge representation and reasoning capabilities of DeLP. As a
result, current users of DeLP will be provided with more expressive
tools to work on their application domains. Moreover, by allowing one
to argue about the use of inference rules, E-DeLP will be suitable for
application onmore complex domains where DeLP could not be used.
For instance, this provides an interesting possibility for developing
new architectures for knowledge-based applications, such as Decision
Support Systems and Recommender Systems that could efficiently
use argumentation as the underlying inference model.
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Appendix A

This appendix includes the proofs of the formal results intro-
duced in the paper.

Proposition 1. Let P ¼ ðΠ;Δ;ΣÞ be an extended defeasible logic
program and 〈A;H〉 a claim argument built from P. If R is a top
defeasible rule of 〈A;H〉, then ∄R0AΔ such that R0aR and R0 is a top
defeasible rule of 〈A;H〉.

Proof. Given the claim argument 〈A;H〉, let us suppose by con-
tradiction that (R;R0AΔ s.t. R0aR and both R and R0 are top
defeasible rules of 〈A;H〉. Then, by Definition 11, R: “H Body”, R0:
“H Body0”, RAA and R0AA. That is, 〈A;H〉 contains two different
defeasible rules for the same conclusion. Then, 〈A;H〉 would not be
minimal and thus, by Definition 10, would not be a claim argu-
ment built from P, which contradicts the hypothesis.□

Proposition 2. Let P be an extended defeasible logic program and
〈A;H〉 an argument built from P. If (BRAA such that BR is a backing
rule for a defeasible rule RAA, then there exists a backing argument
〈B;R〉b such that BRAB and 〈B;R〉b is a sub-argument of 〈A;H〉.

Proof. If 〈A;H〉 is an argument built from P and there exists a
backing rule BRAA for a defeasible rule RAA, then, by Definitions
8, 10, 12 and 13, there exists SDA such that for every literal in
BR's body there is a derivation from S [ Π. Also, by Definition 9, S
is minimal and S [ Π is non-contradictory. Thus, by Definition 12,
there exists a backing argument 〈B;R〉b, with B¼ S [ fBRg. Fur-
thermore, since BDA, 〈B;R〉b is a sub-argument of 〈A;H〉.□

Proposition 3. Let P be an extended defeasible logic program and
〈A;H〉 an argument built from P. Every proper sub-argument of 〈A;H〉 is
either a claim argument or a backing argument.

Proof. Let P ¼ ðΠ;Δ;ΣÞ. We will consider the following alter-
natives: (a) 〈A;H〉 is a claim argument, (b) 〈A;H〉 is a backing
argument, or (c) 〈A;H〉 is an undercutting argument.
(a) If 〈A;H〉 is a claim argument, then, by Definition 10, there

exists a derivation for H from Π [ A. Also, by Definition 8, the
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derivation of H does not make use of undercutting rules. Then,
by condition (4) in Definition 10, 〈A;H〉 is minimal and thus, A
does not contain undercutting rules. Therefore, no proper
subset B of A will be such that it contains undercutting rules.
As a result, every proper sub-argument 〈B;Q 〉 of 〈A;H〉 will be
a claim argument or a backing argument.

(b) If 〈A;H〉 is a backing argument, then, by Definition 12, A¼
f½H� ½L1;…; Ln�g [ A0 and there exists a derivation for each Li
ð1r irnÞ from Π [ A0. By Definition 8, the derivation of each
Li does not make use of undercutting rules. Then, by condition
(4) in Definition 12, 〈A;H〉 is minimal and thus, A does not
contain undercutting rules. Therefore, no proper subset B of A
will be such that it contains undercutting rules. As a result,
every proper sub-argument 〈B;Q 〉 of 〈A;H〉 will be a claim
argument or a backing argument.

(c) If 〈A;H〉 is an undercutting argument, then, by Definition 13,
A¼ f½H� ½L1;…; Ln�g [ A0 and there exists a derivation for
each Li ð1r irnÞ from Π [ A0. By Definition 8, the derivation
of each Li does not make use of undercutting rules. Then, by
condition (4) in Definition 13, 〈A;H〉 is minimal and thus, A
contains exactly one undercutting rule: ½H� ½L1;…; Ln�. Sup-
pose by contradiction that there exists B�A s.t. 〈B;Q 〉 is an
undercutting argument. If that were the case, then B must
contain an undercutting rule. Then, since the only under-
cutting rule in A is ½H� ½L1;…; Ln�, it must be the case that
〈B;Q 〉 is an undercutting argument for the defeasible rule H
(and thus, Q¼H). As a result, there would exist a proper subset
B of A that satisfies the conditions in Definition 13, contra-
dicting the fact that 〈A;H〉 is an undercutting argument for H
(since A would not be minimal). Finally, for each proper sub-
argument 〈B;Q 〉 of 〈A;H〉, it must be the case that 〈B;Q 〉 is a
claim argument or a backing argument. □

Proposition 4. Let P be an extended defeasible logic program and
BUAFP ¼ 〈AP ;RP ;SP ;⪯P 〉 the backing-undercutting argumentation
framework associated with P. For every 〈A;H〉AAP it holds that if
(〈B;R〉AAP such that ð〈B;R〉; 〈A;H〉ÞABkP , then ∄〈C;R0〉AAP such
that 〈C;R0〉a〈B;R〉 and ð〈C;R0〉; 〈A;H〉ÞABkP .

Proof. Let 〈A;H〉; 〈B;R〉; 〈C;R0〉AAP be such that ð〈B;R〉; 〈A;H〉ÞA
BkP and ð〈C;R0〉; 〈A;H〉ÞABkP . Then, by Definition 27, both R and R0

are top defeasible rules of the claim argument 〈A;H〉. However, by
Proposition 1, claim arguments have only one top defeasible rule.
Therefore, it must be the case that R¼ R0. On the other hand, by
Definition 27, 〈B;R〉 and 〈C;R0〉 are proper sub-arguments of 〈A;R〉.
Finally, since R¼ R0 and, by Definition 10, 〈A;H〉 is minimal, it must
be the case that B¼ C and thus, 〈B;R〉¼ 〈C;R0〉.□

Proposition 5. Let P be an extended defeasible logic program and
sAfcomplete; preferred; stable; groundedg an acceptability seman-
tics. If 〈∅; L〉 is an argument built from P, then 〈∅; L〉 is accepted with
respect to the semantics s and L is a warranted literal from P under s.

Proof. Let P ¼ ðΠ;Δ;ΣÞ. By Definition 10, 〈∅; L〉 is a claim argu-
ment. Then, since 〈∅; L〉 has an empty set of rules, there exists a
strict derivation of L fromΠ. By Definitions 10, 12 and 13, for every
argument 〈A;H〉 built from P it holds that A [ Π is a non-
contradictory set. Hence, it is not possible to build an argument
〈B;Q 〉 from P s.t. the literals L and Q disagree. As a result, by
Definitions 16 and 18, there will be no rebutting or undermining
attacks on 〈∅; L〉. On the other hand, since 〈∅; L〉 does not make use
of defeasible rules, by Definition 17, there will be no undercutting
attacks on 〈∅; L〉. Then, by Definitions 27 and 28, 〈∅; L〉 will have no
defeaters. Finally, by Definitions 24, 29 and 30, 〈∅; L〉 will belong to
every extension of P under the semantics s and thus, it will be
accepted with respect to the semantics s. As a result, by Definition
31, L will be a warranted literal from P under s.□

Proposition 6. Let P be an extended defeasible logic program and
sAfcomplete; preferred; stable; groundedg an acceptability seman-
tics. If 〈A;H〉 is an argument of P that is accepted with respect to the
semantics s, then for every argument 〈B;Q 〉 s:t: 〈A;H〉 defeats 〈B;Q 〉

or 〈B;Q 〉 defeats 〈A;H〉 in P, it holds that 〈B;Q 〉 is a rejected argument
with respect to the semantics s.

Proof. Direct from Definitions 29, 24, 26, 25, 28 and 30.□

Theorem 1. Let P be an extended defeasible logic program and sA
fcomplete; preferred; stable; groundedg an acceptability semantics.
If L is a warranted literal from P under the semantics s, then for every
literal L0 s.t. L and L0 disagree it holds that L0 is not a warranted literal
from P under the semantics s.

Proof. If L is a warranted literal from P under the semantics s, then,
by Definition 31, there exists an argument 〈A; L〉 that is accepted with
respect to the semantics s. If there exists an argument 〈B; L0〉 built
from P, then, by Definitions 16 and 18, it would be the case that 〈A; L〉
rebuts or undermines 〈B; L0〉 and vice-versa. Then, by Definitions 27
and 20, the backing-undercutting argumentation framework BUAFP
associated with P will be such that either 〈A; L〉 defeats 〈B; L0〉; 〈B; L0〉
defeats 〈A; L〉, or 〈A; L〉 defeats 〈B; L0〉 and vice-versa. As a result, by
Definition 28 and Proposition 6, it would be the case that 〈B; L0〉 is
rejected with respect to s and thus, by Definition 31, L0 will not be a
warranted literal from P under the semantics s.□
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